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PREFACE 


In the course of nearly every program of research in organic chemistry 
the investigator finds it necessary to use several of the better-known 
synthetic reactions. To discover the optimum conditions for the appli- 
cation of even the most familiar one to a compound not previously sub- 
jected to the reaction often requires an extensive search of the litera- 
ture; even then a series of experiments may be necessary. tVhen the 
results of the investigation are published, the synthesis, wUch may have 
required months of work, is usually described without comment. The 
background of knowledge and experience gained in the literature search 
and experimentation is thus lost to those who subsequently have occa- 
sion to apply the geoeral method. The student of preparative organic 
chemistry faces similar difficulties. The textbooks and laboratory man- 
uals furnish numerous examples of the application of various syntheses, 
but only rarely do they convey an accurate conception of the scope and 
usefulness of the processes. 

For many years American organic chemists have discussed these prol> 
lems. The plan of compiling critical discussions of the more important 
reactions thus was evolved. Volume I of Organic Reactions is a collec- 
tion of twelve chapters, each devoted to a single reaction, or a definite 
phase of a reaction, of wide applicability. The authors have had ex- 
perience with the processes surveyed. The subjects are presented from 
the preparative viewpoint, and particular attention is given to limita- 
tions, interfering influences, effects of structure, and the selection of 
experimental techniques. Each chapter includes several detailed pro- 
cedures illustrating the significant modifications of the method. Most 
of these procedures have been found satisfactory by the author or one 
of the editors, but unlike those in Organic Syntheses they have not been 
subjected to careful testing in two or more laboratories. I\Tien all 
known examples of the reaction are not mentioned in the text, tables 
are given to list compounds which have been prepared by or subjected 
to the reaction. Every effort has been made to include in the tables 
ifh Tstnhi ruiirpucmJis uirfi'nSviviices'.’tKmvwi , ‘uefausc if* ‘I’lifc 'vwy icfcurt 
of the reactions discussed and thdr frequent use as one of the several 
steps of syntheses in wMch not all of the intermediates have been iso- 
lated, some instances may well have been missed. Nevertheless, the 
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investigator vill be able to use the tables and their accompaming bibli- 
ographies in place of most or all of the literature search so often re- 
quired. 

Because of the sj'stematic arrangement of the material in the chap- 
ters and the entries in the tables, usem of the book will be able to find 
information desired by reference to the table of contents of the appro- 
priate chapter. In the interest of economy the entries in the index 
have been kept to a minimum, and, in particular, the compounds listed 
in the tables are not repeated in the index. 

The succe^ of this publication, which will appear periodically in 
volumes of about twelve chapters, depends upon the cooperation of 
orgamc chemists and their wiDingn^ to devote time and effort to the 
preparation of the chapters. They have manifested their interest al- 
ready by the almost unanimous acceptance of invitations to contribute 
to the work. The editors will welcome their continued inters and 
their suggestions for improvements in Organic Reactions. 
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THE REFORMATSKY REACTION 


GENERAL CONSIDERATIONS 

The reaction which takes place between a carbonyl compound such as 
an aldehyde, a ketone, or an ester and an a-haloester in the presence of 
zinc is commonly known as the Reformatsky reaction.^ It represents an 
extension of the reactions of carbonyl compounds with a dialk 5 dzinc or 
an alkylzinc halide, but possesses the advantage that the isolation of the 
organozinc compound is unnecessaiy. The process creates a new car- 
bon-carbon linkage and appeals to involve the following steps.^ 

1. Formation of an organozinc halide. 


X— O— COsR-f Zq X— Zn— C— CO2R [ 1 ] 

1 1 

I 


(X represents Cl, Br, I; E, is an alk 3 'l group.) 

2. Addition to the carbon 5 ’l group of the aldehyde or ketone. 

XZnO 

I I I 

— C=0 + X — Zn — C — CO 2 R — ^ — C — C — COaR [ 2 ] 

I i II 

I n 

3. Decomposition bj- dilute acids. 

XZnO OH 

■ I I II 

I.R -1- HX — C— C— CO:R + ZnX- [3] 

■ I ni 


Thus an aldeh 5 ’^de or a ketone leads to a /S-hj'dro.x 3 'ester (III) as the 
final product. Subsequent or simultaneous dehydration maj^ produce 
an unsaturated ester. 

When an ester is used in-stead of an aldehj'de or ketone the addition 
product D’’ is formed. 

XZnO 


• X — Zn — C — CO;R 



o o 

R' R' 


^ Refonnatsty, Ber., 20, 1210 (1SS7). 

* ReXonnatsky, J, prahL Chcm., 54, 469 (1896). 
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If this addition complex is stable, then the product obtamed by hydroly- 
sis of the reaction mixture is a ^-ketoester. 

XZnO O 

II . ■ II I 

—C — C — COjR + HX — ♦ —C — C— COiR R'OH + ZnXt 

i I i 

0 
R' 

IV V 


If the addition product decomposes spontaneously, the ^-ketoester (V) 
maj' again be the final product. 


OZnX 



I! I 

-<3— C— COjR + Za 

I \)B' 


If the koto group in this ketoester b reactive and an excess of the organo- 
zinc halide (I) b present, further reaction may take place as in equation 
2 above. 

Evidence for the exbtence of the organozinc halide (I) as an inter- 
mediate was provided by G. Dain,* who isolated and analyzed the follow- 
ing compounds, 

ZnBr ZnDr 

(CH,),CCO,C,H» (CH,),CuilICOtC,Hi 


Three addition products corresponding to the complex II were also 
obtained. 


OZnBr OZnBr OZnBr 

I I I 

CgllsCHCHCOjCjIU C.HgCHCHCOtCjHg C.HgCH— C— COsCjH. 

I I / \ 

cn, CH(CH,), CH, CH» 

These complexes, therefore, parallel the intermediates formed in the 
ell-known reactions in^xilving the Grfgnard reagent or similar organo- 
metallic halides and carbonyl compounds. Indeed, magnesium may be 
used in place of zinc (p. 16), and apparently the intermediate complexes 
are analogous. Grignard reagents cannot be prepared from a-baloesters 
and magnesium alone; hence the Reformatsky reaction offers a pro- 

* Ditin, /. AuM. FAvs. CAem. Soe,, 8S, 593 (1896). 
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cedure by which the eqmvalent of a Grignard reagent from an a-haloester 
is available for synthetic work. In the subsequent discussion these 
intermediates will not always be written and only the reactants and 
main products will be shown. It is to be understood, however, that the 
steps shown above are always involved. 

Relative Reactivities of Reagents. The order of reactivity of carbonyl 
compmmds in the Eeformatskj- reaction is RCHO > E2CO > ECO2- 
C2H5. The order of reactivity of the haloacetates is ICH2C02C2H5> 
BrCH2C02C2H5 > CICH2CO2C2H5. The a-chloroacetic esters often 
react slowly or not at all, and the a-iodoesters are not readily available. 
Consequently, most Reformatsky reactions have been carried out with 
the o-bromoesters. Esters containing a secondary or tertiary a-chlorine 
atom are much more reactive than the corresponding primarj* derivatives 
and in some cases are reported to ^ve good yields. The three types of £z- 
bromo^ers appear to react equally weU. 

Side Reactions. Yarious side reactions may be expected whenever the 
Reformatsky reaction is carried out. The intermediate organozinc 
halide may add to the carbonyl group of the a-haloester used as the 
reagent; for example. Harm and Lapworth'^ have reported that zinc 
and ethyl bromoacetate react to produce ethyl 7-bromoacetoacetate. 

OZnBr 

i 

2BrCHiCO.C-H5d-Zn ^ BiCH-C— CH-CO.C^Rs 

'1 

OC;Hs 

I 

BrCHiCOCHiCOiCiHs-r- CiHiOZnBr 


Since aldehydes and ketones possess far greater carbonyl reactivity than 
the ester group, this side reaction is not important when aldehydes and 
ketones are used. Moreover, its significance may be minimized by using 
an excess of the bromoester and adding the latter in successive portions. 

A common ade reaction is the coupling of the haloester by the zinc. 


2BTCHiCOiC:Hs -h Zn 


ZnBr; 


i’ 


TVhen aliphatic aldehydes or aliphatic or alicyclic ketones are used 
these may undergo aldolization under the inSuence of the zinc salts. 

*= HsTiTi £:id LEpTTorti, Prcc. C}jrr.. Soc.. 19, 1S9 (1903). 
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2RCH,CHO > RCHjCHOHCHCHO 

1 t 

RCH^H=<rCHo 4- HjO 
O 

..Q_oJ^Q- 0 +h.o 

Not only docs aldolization use up the aldehjtie or ketone, but also the 
deh^-dration of the aldol produces water which decomposes the inter- 
mediate organoiinc halide (I)- 

I i 

X'~*Zn^“O'~C0jR + HiO COjR + Zb(OH)X 


organozlnc compound may also induce enoUration." 

ZnBr OZnBr 

I I 

RCOCHjR + CjlIiCHCOiCiHi ^ R— C=CHR + CHj(CHi)iCOjCiH» 

Subsequent hydrolj-sis of the bromozbe enolate regenerates the origbal 
ketone. This reaction accounts for the recover^' of appreciable amounts 
of the starting material and the presence of ethj'l n-butjTate among the 
reaction products. 

THE USE OF THE REFORMATSKY RfiACTIOIT 

From a sj-nthetic pomt of view the Reformatskj- reaction not only 
coiistitutes a method for preparing ^hj-drovj-esters and the correspond- 
bg unsaturated esters and acids but also is a v-aluable procedure for 
lenglhenbg the carbon ch.ab bj’ two carbon atom$. The chab may be 
branched on the a-, or ae- and B-carbon atoma by proper choice of 
reactants, Sbee the product contains the carbetlio:^’ group, it is pos- 
sible by a proper sequence of reactioos to repeat the cham-lengthenbg 
process. Several examples have been chosen to illustrate the utilit3' of 
the condensation and to pobt out the part plaj-ed bj' the Refonnatsky 
reaction m a sjmthetic sequence. 

^ Xeirm^, A ■«. CA<m, Soe^ SS, STO (lOTO). 
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Lengthening tiie Carhon Chain. Lengthening the Carbon Chain oj an 
Aldehyde wilhout Branching the Chain. 

BrCH-COOHs 

ECHO ~ > RCHOHCHiCOiC.Hs 

ECH=CHCOiCjH5 

j Bed^iitica (citslyti!:) 

ECHiCHsCOiH < ECHiCH-COiCiHs 

j I Hydrcfsenolysis 

ECHiCHjCOCl ECHiCHiCHiOH 


I OxidsllcTi 



ECHjCHiCHO 


ECH-CHiCN 


The process maj- be repeated, leading to E(CH2)4CHO. 
Lengthening the Carbon Chain icilh Branching on the a-Carbon Atom. 

E' E' 

i i 

ECHO -b BrCHCOiCiHi ?• ECHOHCHCOiC^Hs 

R' R' 

I I 

RCHiCHCOtCiHs 4 ECH=CCOiC-Hs 


Use of the sequence of reactions outlined under the first example to 
convert the ester group into an'aldehj'de group leads to the synthesis 
of branched-chain esters of the follo'ning tj^pe. 

R' 

I 

Ef— CHr-CH— ].— COrCiHs 

• dehydration cf ^bydroxyesters freqnentiy j.rodu're? a mixture of or.3- and $.y- 
uniaturatcd ertcrs (fee p- 12). Both may be reduced catalyticnHy to the saturated ester 
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Lengthening the Carbon Chain with Branching on the P-Carbon Atom 

Y R' 

R— C=0+BrCH,C0,C,H, R— C— CHiCOjC,H, 

OH 


I 

R— C==CHCOiC,H5 

1 

R— CHCHjCO,C,H» 

The ester group of the final product may be converted into a keto 
group by the following reactions. 


h4: 


iHCHjCOjCjHi - 

R' R' 


I 


* R— CnCHiCOiH 

, . f ^ 

R— CHCHiCO < • R— CHCHiCOCI 

Repetition of these sequences of reactions leads to the preparation of a 
second t^-pc of branched-chain ester. 

R' 

R{-CH~CHr-]»— CO,C,H| 

The nature of the R' group is determined by the starting ketone and 
the tine alkyl used in converting the acid chloride into the final ketone. 
The R' groups may be alike or different. 

Lengthening the Carbon Chain icifA Branching on Both and p~Carbon 
Atoms. 

R' R" R' R" 

I I Z. I I 

R — C=0 -f- DrCIICOtCjH* > R — C— CHCOjCiHt 

OH 


R— C=CCOiC,H» 


I I 

R— CH— CHCOiC,H» 
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Th-i nature of the II and R' groups is determined by the ketone and 
that of the R" group by the haloester. 

Lengthening the Carbon Chain with Double Branching on the a-Carbon 
Atom. 

R' R' 

RCHO + BrCCOzCjHs RCH— C— CO2C2H6 

R" OH R" 

R' R'" R' R'" 

1 I z„- I I 

R— C =0 + BrCCOaCjHt R— C— C— COjCzHs 

R" OH R" 


Occasionally, hydroxyesters of this type may be dehydrated to P, 7 - 
unsaturated esters which can then be reduced to the saturated estens. 
However, conversion of these a,a-disubstituted-/3-hydroxyesters to the 
saturated esters is usually best effected by refluxing with phosphorus and 
hydriodic acid. 

These five general types of reactions therefore constitute methods for 
synthesizing straight-chain and branched-chain hydroxyesters and un- 
saturated and saturated esters and acids. 

Whether or not the Reformatsky reaction is the best method for 
lengthening a given carbon chain depends on a number of factors. For 
example, cinnamic acid may be prepared by any of the following reactions. 


Perkin reaction 

C,H(CHO + (CHjCOjO C.HtCH^CHCOzH 


Claisen condensation 


(CsHjN) 


CcHtCHO + CHsCOjCjHe Naoc^m ^ c.HjCH=CHC02C2H5 


Reformatsky reaction 


C,HsCHO + BrCHjCOjCjH^ 


i 

C.H2CH=CHC02H 

OH 

til 


CcHtCH— CHaCOsCiHt 
-H2o| 

C«HtCH=CHC02C2H5 

i 

C.HtCH=CHCOjH 

Knoevenagel condensation 

CtHtCHO + CHsCCOjH)^ C,HtCH=C(C02H)j 

I-CO2 

GcHsCH=CHC02H 


Yield, %* 
80 

74 

72 

64 

57 

55 


80 


*These figures represent the over-all yields of the products shown, based on benzaldehyde 
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On the basis of j-ields alone, the Knoevcnagel or Perkin condensation 
would be preferred for preparing cinnamic acid. From an economic 
point of view, the reaction chosen would depend on the relative cost of 
the reagents and the time involved in the preparation. The Reformatsky 
reaction would not be selected. 

However, in the sjmthesis of an unsaturated acid with branching on 
the /3-carbon atom (CflHaO=CHC 02 H) from the ketone (CaHjCOR) 

I 

R 

the Reformatskj* is the only method of these four which will give good 
.jnclds; the Perkin reaction fails to take place, the Claisen condensation 
leads to an entirely different product (a 1,3-dikctone), and the Knoevena- 
gcl condensation gives low jdelds for small R groups and fails if R is large. 
Branching of the chain on both a- and ^-carbon atoms can be accom- 
plbhcd only by the Reformatsky method. 

Synthesis of Arylacetic Acids. The Reformatsky reaction is also 
particularly well adapted to the sj^thesis of aiylacetic acids or their 
esters. Thus, ketones such aa l-tetra!one or l-ketotetrahydrophenan- 
threne * give hydroxyesters which arc readily dehydrated to dihydroaryl- 
acctic esters. The latter may be easily dehydrogenated to the aromatic 
compounds. 


^ CQiCOiCtff^ OHiCOiOfQi CHiCOiCtEi 

oit-oif-o6*-o6 



Synthesis of ^-Ketoesters. Very few applications of the Reformatsky 
reaction to the sj-nthesis of p-ketoesters by reactions involving the car- 
bonyl group of an ester are recorded. Ethyl Y-bromoacetoacetate b 
formed by the action of zinc or magnesium on ethyl bromoacetate.*® 
Hamel • reported 50% j-ields of ethyl 7 -chloroacetoacetate by the action 
of amalgamated magnesium on ethyl chloroacetate. Ethyl Y-ethoxyace- 
toacetate has been prepared in 10 to 33% yields from ethyl ethoxy- 

* Ba«hni&nii, J. Org. Chtm., S, 434 (1933). 

•Hamel. £i/U. aoe- cAtm., [4] 39, 390 (1931) : Stedle. Btr.. 41, 954 (190S). 
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acetate and eth3d bromoacetate ’ b3'' using amalgamated zinc. If ethyl 
a-bromopropionate is used, the o'-meth3d derivative is produced.® 

0 

il Zh(He)* 

C2H5OCH2C— OCjHs + BrCHaCOaCjHs 

OZnBr 

1 

C2H5OCH2C— CH;C02C2H5 
OC2H5 

HjO 

S' 

0 

I! 

C2H50CH2C— CH2C02C2H5 


Eth3d 3 , 4 -diketoadipate ® has been obtained from ethyl oxalate, eth3'l 
chloroacetate, and 2inc. 

CO2C2HS COCH2CO2C2H5 

I + 2CICH1CO2C2H5 > ( 

CO2C2H5 COCHoCOiC.Hs 


On the other hand, eth3'l a-bromoisobut3Tate is reported to react vith 
eth3*l oxalate to form eth}'! a,o:-dimeth3-hnalate.^'’ It is eiddent that 
reduction takes place during this reaction. 

Br 


CO2C2H5 I „ HOCHCO2C2H5 

1 -b (CHjliC— COiCjHs — i I 

COiCjHs (CHsliC— CO-.C2H5 


The chief product from eth3-l formate, ethyl chloroacetate, and zinc is 
eth3-l trimesate.*' Eth3'l formate undergoes the normal Reformatslsy' 
reaction to produce the aldeh3’doester which then trimerizes. 


O OZnCl 

P Zn 1 

C-HiO— C— H + ClCH-CO"C.Hs > C-.H5O— C— CH^CO-C-Hs 

I 

H 


CO2C2H5 


0 ==C— CH-CO-C-Hs 

I 

H 


’ Sommelct, Bull. foc. [4] 29, 553 (1921); Compl, rend.^ 154, 705 (1912). 

* Johnson, Ath. Chem. Soc.^ 35, 5S2 (1913); Johnson and Chemoff, J.Am, Chem.Scc.^ 
35, 5S5 (1913); 3G, 1742 (1914). 

* Fittig and Daimler, Bcr^ 20, 202 (1SS7). 

*®Rassow and Bauer, Ber., 41, 9G3 (I90S). 

Reformatsky, J. PAy#. C/.m. &>c., 30, 2S0 (1S9S); J. praJd. Ch€-m., 54, 477 
(1S9G). 
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With etliyl a-bromopropionate, the presence of the a-mcthyl group 
in the intermediate aldehytlocstcr prevents the trimerizstion. Hence a 
second Reformatsky reaction occur leading to ethyl 2,4-dimethyI-3- 
hydroxyglutarate.*’ Ethyl o-bromoisobutyTate, ethyl formate, and zinc 
react in a similar fasliion to produce ethyl 2,2,4,4-f etramcthyl-S-hydroxy- 
glutarato.” 

Oxidation* of the /9-hydroxycstcR, obtained by the Reformatsky re- 
action on aldehydes, by means of the calculitc^ amount of chromic 
acid in glacial acetic acid aa the solvent, produces /3-kctocstcrs in low 
yields (30-50%). 

RCHOIICHjCOjCH, RCOCHjCChCH, 

Tlius, 0-kctocstcra nith no a-substiluents may be obtained. This is 
useful since the Claiscn condensation of esters (other than ethyl acetate) 
yields a-substituted S-ketoesters (sec Chapter 9). 


DEHYDRATION OF THE P-HYDROXYESTERS 

If the temperature of the reaction mixture is high it occasionally 
happens that the product from the Re/onnatsky reaction is the unsat- 
urated ester. However, if the reaction is run in the usual solvents, such 
os ether or benzene (p. IS), the chief constituent of the reaction mixture 
is the hydro.xyestcr. Because of their tendency to lose water during dis- 
tillation or saponification,** the/J-hydroxyesters and their derivatives can 
sometimes be isolated in the pure state only with difficulty and in poor 
yields, whereas dehydration of tlic crude reaction mixtures leads to 
higher yields of tlie unsaturated products. 

Dehydration may be accomplished by heating the ^-hydroxyester 
with acetic anhydride, acetic anhydride and acetyl chloride,** fused 
potassium acid sulfate,** 85% formic acid,** anhydrous formic acid,*' '*• ** 
zinc chloride in acetic acid,*® or sulfuric acid ** of various strengths (20 to 

'*S« p. 22, reference 48 

*’ Ileformataky, Btr., 28, 3203 (1895). 

" Blaise. Compt. rtnd., iSS, 1808 (1888). 

“Sehroeter, C«r., 37, 1090 (1904); 40, 1589 (t907)- 

“ Stoerraer and Tredcrici, Ber., 41, 324 (1908). 

M Wallach, Ann., 3«5, 255 (1909). 

" Uupe, Ann., 369, 321 (1909). 

'• Cook. J. Chem. Soc . 2524 (1931); Bachmaim and Edgerton, J. Am. Chem Soe., 62 
2971 (1940). 

** Bergmann and Cograchov, y. Am S0e~, SX 3017 (1940). 

” Wallach, Ann . 314. 147 (1901), Tetiy, BuH. «o« rfm. 13)27, 600 (1932) 

•> Jaworsky and Reformatsky, Brr„ 35, 3633 (1902). 
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65%); or by refluxing a benzene solution of the /3-hydroxyester n-ith 
iodine," acetic anliydride, acetic anhydride and sodium acetate,^ phos- 
phorus pentoxide,-^ phosphonis oxychloride,”^’ or thionyl chloride and 
pjTidine.-^' Passing drj' hydrogen chloride through the /3-hydroxj'- 
cstcr at 90-100° followed by distillation is also a verj' satisfactorj' 
method (90-95% yields) of dehydration. 

For many years it had been a.ssumed that the product of the deh 3 ’dra- 
tion reaction was the conjugated a,|3-unsaturatcd ester. WOicn the 
h 3 'drox 3 d group is secondar 3 ', or when an arA-l group is attached to the 
;3-carbon atom, the chief product (and in man 3 ' cases the onl 3 ' one iso- 
lated) is, indeed, the a,j3-imsaturated ester or acid. 

ArCHCH;CO;H ArCH=CHCO-H 

1 

OH 

However, when the h 3 ’drox 3 ’l group is tcrtiai 3 ' the structure of the 
deh 3 ’dration product is determined b 3 ' the nature of the substituents. 
The a,^-unsaturated ester is the chief product when an ar 3 'l group or two 
metb 3 'l groups are attached to the ^-carbon atom. 

R R 

1 I 

At— C— CH iCO.C^Bs Ar— C=CHCO-CjHi 

1 

OH 

CHs CH, 

i I 

CHr- C— CH-CO-C-Hs CHr-C=CHCO:CiHs 

I 

OH 


However, when one of the alkv’l groups is other than meth 3 'l then 
both o!,| 3- and j3,7-mi£aturated esters are produced. 


R 


R 

1 

RCHi— C— CHsCO-C-Hs 

1 

OH 




RCH-— C=CHC0iC2Hs 


R 

I 

RCH=0— CH-CO -CjHs 


^ Hibbert, J. Am. Chem. Soc., 37, 174S (1915). 

Rupe and Busolt, Rer., 40, 4537 (1907). 

Kon and Nargund, J, Chem. Roc,, 2461 (1932); Phalnibar and Xargund, J. Indian 
Chem. Soc., 14, 736 (1937). 

^ Lindenbamn, Rer., 50, 1270 (1917). 

^SDarzens, Cempt. rend., 152, 1601 (1911). 

^Natdson and Gottfried, J. Am. Chem. Soc., 61, 970 (1939). 
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DEHYDRATION OP THE P-HYDROXYESTERS 

The proportion of the two isomeric esters depends on the reagent used 
and on the structure of the compound. The dehydration of a number of 
/3-hydro\yesters by means of four dehydrating agents has been studied 
by Kon and Nargund.** The total yield of the mbcture of a,P- and 
unsaturated esters was 80-95%. In Table I is shown the percentage 
of tlie total product which was the o^unsaturated ester. 


TABLE I 

DeBTSRATION op p-I{rDBOXT£3TZRa 



j [Percentage of ft.^-Unsaturated Ester 

fl-Hydroxi’ester 

P.O. 

FOCI, 

SOCl, 

(fused) 

KHSO, 

CHi 

CiHr-<!j— cn,co,c,H, 
ill 

39 

62 

S3 

S7 

c,n. 

Cjirr-i-<;iT,co,c,ir. 

iu 

23 

63 

50 

63 

c.n, 

C,H,— i— CHAJiCtHi 

in 

24 

SI 

31 

51 

CiHi CII, 

c,Hr-i — inco,c,n. 
in 

2$ 

43 

33 

23 

rx™ 

' — ^CHiCOiCiH, 

19 

43 

3S 

A5 

OH 

pv 

' — ' cn,co,c»n. 

30 

58 

SO 

38 


It is occasionally possible to obtain either one of the isomeric dehy- 
dration products by proper choice of the wperimental conditions. For 
example, dehydration of ethyl 1 -hydro^-cyclohexj-lacetate with acetic 
anhydride followed by saponification A'-cyclohexenylaeetic acid; 
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if the ester is first saponified and the 1 -hydroxycyclohexylacetic acid is 
dehydrated mth acetic anhydride the chief product is cyclohexylidene 
acetic acid.^® In syntheses of saturated esters or acids it is unnecessary 
to separate the a,/3- and jS, 7 -esters or acids before reduction. 

Sometimes cieavage occurs as a side reaction in dehydration of ^ 
hydroxyacids. Thus heat causes the decomposition of a-(l-hydroxj'-3- 
methylcyclohexyl) propionic acid.*® 


OH 



Sulfuric acid causes the cleavage of £i:,Q:-dialkyl-/3-hydroxj’^ acids.“ 
R 

CHjCH— C— CO2H CH3CHO -h R2CHCO2H 

I I 

OH R 


Hot concentrated alkaUes maj' also cause cleavage of the molecule in 
certain instances. 



In order to obtain the unsaturated compound and avoid this cleavage it 
is essential to dehydrate before hj’’drolyzing.^®’ 


SELECXlbN OF EXPERIMENTAL CONDITIONS. PROCEDURES 

In the earlier experiments,^’ the a-haloester, carbonyl compound, 
and zinc dust -were mixed at room temperature and cooled in order to 
moderate the initial reaction which may cause a considerable temperature 
rise (60° to 120°). The mixture wa-s allowed to stand at room tempera- 
ture for periods ranging from two da 3 ’s to three months. After a final 
warming to 60-70° for two to three hours the mixture was decomposed 
vith dilute acid. The ester was separated or extracted b 3 ' a solvent, 
dried, and di.stilled in vacuum. 

Bachmann, Cole, and ‘Wilds, J, Am. Chem. Soc., G2, S24 (1940). 

** Bachmann and Wilds, J. Am. Chcm. Soc., 62, 20SG (1940;. 

” Befonnatflkj' and PlesconossofT, Ber., 28, 2S3S (IS05). 
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Control of the initial exothermic reaction may be accomplished by 
addition of the zinc dust in portions to the other reactants or by the use 
of a solvent. In most of the recent applications of the Reformatsky reac- 
tion a solvent has been employed. This permits better control of the 
temperature and facilitates sttning. It is essential that the surface of 
the zinc be kept clean. The formation of an oily product which coats the 
zinc may stop the reaction. By the proper selection of the solvent 
mixture it is often possible to keep the addition product in solution or to 
cause it to crystallize so that it is more readily shaken from the metal by 
the stirrer. Tlic zinc may be suspended in a copper basket in order to 
facilitate removal of the addition compounds. 

By raising the temperature -to the boiling point of the solution the 
condensation can be effected in a much siiorter time (usually one-half to 
three hours). A prolonged reaction lime*“'***evcn at a low temperature 
reduces the yield of ^-hydroxj’estcr and increases the amount of high- 
boiling by-products. The solvents used have been ethyl ether, butyl 
ether, benzene, toluene, and xylene. A mixture of equal amounts of 
benzene and toluene,*^ wfiich permits refluxing at temperatures between 
90® and 105®, is especially advantageous when the carbonyl reagent is a 
ketone. Somewhat lower temperatures (70-80®) are better when an ali- 
phatic aldehyde is employed. However, where paraformaldehyde is 
introduced into the reaction mixture as a source of formaldehyde, the 
temperature must be high enough (80-100®) to cause depolymerization. 

The reagents should be pure and diy. The apparatus should also be 
clean and dry and protected from the mobturc of the air. The observ- 
ance of strictly anhydrous conditions not only improves the yield but 
also reduces the induction period so that the reaction usually starts im- 
mediately. If difficulty is experienced, the addition of a few crystals of 
iodine, a little amalgamated zinc, or a very little methylmagnesium 
iodide may help in initiating the reaction. The coppQf complex of 
ethyl acetoacctate has been used as a catalyst.’* Once started, the reac- 
tion is quite vigorous. For this reason, only a small portion of the 
reactants should be used at the start and the bulk of the materials should 
be added gradually. Since a-haloesters are lachrymators and skin irri- 
tants, precautions should be taken to avoid contact with them. 

Zinc dust, zinc foil, granulated zinc, and mossy zinc have been used 
Variations in the quality of the zinc are responsible for differences of 
opinion concerning yields, catalysts, and purification procedures. It is 


Kohler and Gilman, /. Am. CAem. Soc. 41. 683 (1919). 

**« Nieuwland and Daly, J. Am. Chtm. Soe.. B3, 1842 (1931). 

*** Lipkin and Stewart, ibtd., 61,3295 (193^. 

” Kohler, Heritage, and Macleod, Am. Chem. J„ 46, 221 (1911). 
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desirable that the zinc be as pxire as possible and have a fresh clean 
surface. Anj^ of the forms of zinc maj' be purified by vrashing rapidly 
■with 2% h5'droch]oric or h3'drobromic acid, then -with rvater, alcohol, 
acetone, and absolute ether. The sane is then -wranned in a vacuum o'V’en 
at 100° for a short time and used immediate^. A veiy active metal has 
been obtained b\' immersing 30-mesh zinc in hot (100°) concentrated 
sulfuric acid containing a few drops of nitric acid.** After about fifteen 
minutes the surface becomes bright and the acid is diluted with a large 
volume of water. The zinc is washed with water and acetone and then 
dried. Zinc foil may be cleaned with sandpaper and cut into small strips. 

In certain instances amalgamated zinc and a mixtime of zinc dust and 
copper powder have been used to effect the condensation. Cadmium 
powder and mixed cadmium-copper powder are ineffective.**^ Mag- 
n^um has also been emplo3'ed in place of zinc but usuall3' results in 
lower 3felds. For example, Zelinsky and Gutt** used magnesium to 
effect the reaction between c3'clic ketones anda-bromo-anda-iodo-esteis. 
The yields ranged from 20 to 50%, whereas other investigators report- 
that when zinc was emplo3'ed the 3felds were 56 to 70% for the same 
reactants. Kon and Nargund ** obtained 3f elds of 4S% in the condensa- 
tion of aliphatic ketones ivith a-chloroesters and magnesium. 

3Iany different experimental conditions have been described in con- 
nection vrith the Eeformatsljy reaction, and inspection of the literature 
reveals that there is no unifonr!it3' as regards the procedures. Hence 
the yields shown in Tables II, HI, and of the succeeding part do 
not necessarily represent the highest attainable. 

Four procedures have been chosen to Dlnstrate the best methods avail- 
able at the present time. These procedures not only illustrate the use of 
different forms of zinc but also bring out other experimental variations. 
One of the first three procedures should be selected when the reactants 
are easily available. Procedure 1 illustrates the Eeformatsky reaction on 
an aldehyde, and procedures 2 and 3 on ketones. If the carbonyl com- 
pound is one which does not readily undergo self-condensation in the 
prKence of zinc salts, then higher 3! elds can be obtained by treating it 
rei>eatedl5' with zinc and the a-haloester as illustrated b^' procedure -L 
This method is especially advantageous when the ketone is available in 
only small amounts. 

Ethyl ^Phenyl-^hydroxypropionate.*^ In a clean, dry 500-cc. three- 
necked fiask fitted vrith a mechanical stirrer, a 2.50-cc. separator;' funnel, 

Tisser zr.d Johnson, J. An. CA^n. Soc^ 62, 575 (I940>, 

ai:d Gxitt, BfT.. 35, 2140 (1S02); WHIatatter ai:d HzXU Anru, 41S, I4S 

(1919). 

** znd Breslcrsr, Or^. 21, 51 (1941). 
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nncl Arrflux rondrnvr, lljp (;;>p(rrRdof nliJcJi w protected by a calcium 
chloride drjrinR u placed 40 p. (0.62 mole) of purified *inc dust or 
pranubtcdiine, A Hilutionof 83 5p. (050 mole) of ctli.vl hroinoacotaJe 
find 05 p. (0.01 mole) of iK'ntahlchjnle in SO cc. of drj* benzene and 20 ce. 
of alifolute ether i< p!.ac«l in theccpanitory funnel. Aliout 15 cc. of tlib 
Kilulion Is added to the line and the fla-^k i.s w-armed until the reaction 
ptaru. Tlie mixture is then stirml and the rest of the solution intro* 
duceil at such a rate that pentle teflittinp occurs, alx)ut one hour bcinp 
rtsluind. Kefluxinp Is continued for an additional half hour. The 
fla.«k is then coolnl in an ice Imth and the content.s poured into 300 cc. of 
iee-eold 10% sulfuric acid with viperous stirrinp. Tlie acid bycr Is 
draWTi off and tlie benrene solution extracted twice with 50-cc. portions 
of iec-cold 5% sulfuric acid. Tlie lirnzenc solution Ls waslietl once with 
25 cc. of cold 10% aqueous sodium carbonate, then with 25 cc. of cold 
5% sulfuric acid, and finally with twx» 25-cc. portions of water. Tlie 
combined acid extraef.s are wa-'liwl with two 50-cc. portions of ether, 
and the combined ether and benreiie solutioas are dried with 5 p. of 
anhydrous nupnf^ium sulfate or Pricrile. After filtration, the solvent 
Is removcil by dbtillation at atmospheric pix'ssurc on a str.am bath and 
th« riMdiic Is fractionated in vacuum. Tlie ester Ls collected at 151- 
151711-12 mm. or 12S-132V5-7 mm. Tlicjicld U 59-02 p. (01-04%). 

Ethyl l-Hydfoxycycloheiylacetate.” A mixture of 800 cc. of benrene 
and 700 cc. of toluene with 331 p. (2 motes*) of ethyl bromoacctatc and 
190 p. (2 moles) of cydohe.xanonc is prepared. To 300 cc. of this mixture 
in a 5-1. thrce-ncckcsl fliv<k fittesl with mechanical gtirrer, condenser with 
do'inp tulio, and droppinp funnel b added 130 g. (2 moles) of tine foil 
which has l>een cleanM with sandpaper and cut in strips. A few ciysfab 
of iodine arc introduced, the stirrer b started, and heat b applied by 
moans of a boiling water bath. A xigorous reaction sets in. Tlie 
renuainder of the reaction mixture b now added through the dropping 
funnel at a rate designctl to maintain gentle refluxing. Stirring b then 
continued for two hours. Practically all the zinc dissolves. The mixture 
b cooled and the coiulen-sation product b decomposed with dilute sul- 
furic acid (suflicicnt to dissolve all the zinc hydroxide). The benzene- 
toluene layer is separated, driotl over anhidrous sodium sulfate, and dis- 
tilled in vacuum. The product is collected at 80-8972 mm. The yield 
ranges from 219 to 278 g. (56-71%). 

Ethyl CT-Methyl-(3-phenyi-)3-hydfo^hutyrate." A mixture of 110 g. of 
acetophenone, 1G2 g. of ethyl rt-bromopropionale, and 200 cc. of dry 
benzene is placid in a 500<c. separators* funnel inserted in one opening 

” Utipe. Ptfijpr, KTiii Fiwllfr, Drr., 47 , CS (t014); Dutton and Shop<«, J. Chtm. Soc., 
IIGO (103S); Klortirl. J.Am. Chtm. Set., ta. 170S (IMO). 
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EXAMPUS or THE REFORMATSKY REACTIOM 

In tlrt* laM'^ wliich follow, a numlwr of r\ain|*1r< of tlio IWonnat.'ky, 
rractjiin lavT l-rn n>!WtrtI to in«I«tnt«* itt apl'licaliilily in pyntlic-i^. 
Til*" talilr^ BTi” titnl<rtjtittn{fy inwmpfpto liocau**' flio rraption frwjurntly 
l’^« U'»-n UNtl a« KKnly onr i.trp in a f>-ntlir«l« anil lirncp may not Iw 
ir.ilpxrrl M a ItrforTnat"ly A* iminlM tnjt prfvuHi'-ly (p. 10), 

U-catiM' «if tlir wiilo \-ariation« in thr otjM^mpntal ronilillon* rmployctl 
l»y ili/Irrmt tf'p J'k-I'N pvrti art* not ftrcT>.viriJy tlio J>o*t 

olitalnaMo. I'or the pamo fomi»ari*<»n.< of yirhU n*i*»rt(tl l>y 

diffrmit autliom ami oftm rrfrmtl to tliffrrrnt htanilanL't of purity are 
not fisnlOrant. 

Aldehydff (Table ll*. AHplntie and aromatic aliIrIiy(!o«, safiimlwl 
and uii^atumtol aJ<l<‘li)il<'^ ttnd<Tp> the fraction pa.«ily. Tlic rraction 
Lv lirt-n iTpnrti^l to fail with phenolie aldrhydo*,"* Iml iwcnt work by 
Connor *“ IndicatM tlial a n-action <lo»w take place. 

•“ y. r"*'- 4 '! 9. 477 ««>!;. 

Itft'fh Coetaif. n>(r.iuu(t><wtwO. 
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Ketones {Tatte HI). Aliphatic, aromatic, cyclic, saturated, and 
unsaturated ketones have been found to undergo the reaction smoothly’. 
In the case of a ketocster, it is the keto group which reacts with the 
haloester. The reaction follows an abnormal course with halogenated 
aliphatic ketones and fails with phenolic ketones. Most or,^-unsaturated 
ketones undergo the normal Refonnatskj' reaction with a-haloesters of 
monobasic acids. However, it lias been observed by Kohler, Heritage, 
and Macleod“ that methyl bromouncmalonate adds 1,4 to benzalace- 

OZnBr 

C«HiCH=CHCOC«H»+BrCH{CO^H,)» CiHiCII— CH=CC,n, 

, I I 

' I cH(C0sCir,)* 

C»IhCH— CHiCOC,Uj 

I 

cnccotcu,), 

tophenone. Ethyl et^bromolsobutyratc aL«o adds 1,4 to benralacetophe- 
none “ in the presence of rinc. ^Ticn acetone is treated with methyl 
hromomalonate in the presence of rinc, the only product belated is that 
corresponding to 1,4-addition of the haloester to mesityl oxide."* Evi- 
dently, mesityl o.xide b formed by the condensation of acetone induced 
by the RZnX comple.x. 

2CH,COCII» — (Cn,)-C=CUCOCH» 

OZnBr 

z„ i 

(CH,)tO=ClICOCH»+ DrCHfCOjCU,), » (CHOjC— CH=C— CH, 

I CH(COjCH,), 
(CH.lsC— CHjCOCH, 

I 

CH(COiCH,)» 


Ij-er. /. Indian Chem. Soc., 17, 215 (IWO). 
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BiCII^CO/TtHi Ilydroxycs 


KETONES 
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CtUbCU^GIICXtCtUt (CnihCBtCOiCjIU Kcto ester 1,4- 


IJETOKES 
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Esters (Table IV). There are relativeh* fevr examples of the Eefor- 
matskj' reaction invohTng the ester group. The jnelds appear to be 
uniformly poor. 

Substituted Amides. Lukes*’ has obtained ethyl l-methyl-2-pyrro- 
lone-5-acetate in about 20% j-ield by treating Zs-methjd .succinimide 
Tvith ethj'l bromoacetate and zinc. 


CHi— CO 

\ 

X— CHa 

/ 

CH-— CO 


BrCHjCOiCjHs 
> 


Za 


CH=C— CHoCOaCjHs 
— CHs 

/ 

CHa— CO 


VARIATIONS OF THE REFORMATSKY REACTION 

Use of Halogen Compounds Other Than a-Haloesters. Aromatic 
aldehj'des react nith jS- and 7-bromo- and iodo-esters in the presence of 
zinc, but the jdelds are ren- low (1 to 3%). O-Methos^'-l-tetralone 
reacts with eth}'! ^bromopropionate in the presence of magnesium to 
give a 22% yield of the unsaturated acid.’®* 

Certain reactive halogen compounds, other than a-haloesters, have 
been found to condense with aromatic aldehj'des in the pr^ence of zinc. 
Benzj'l halides yield substituted stilbenes since the carbinols are easilj' 
dehj'drated during the reaction. 

ArCHO 4- Ar'CHjX ArCHOHCHrAr' 

\ 

ArCH=CHAr' 


The •^'inj'Iogs of the a-haloesters undergo the Reformatsky reaction;’" 
thus 7>-chIorobenzaIdehj'de, ethj'I -/-iodocrotonate, and zinc react to 
form the expected condensation product in 42% j-ield. 


CHO 



Zn 

ICHtCH=CHCO;C:Hs Cl 




)CHCH:CH=CHCO;C;Hs 

i , 

OH 



H=CH— CH==CHCO:Ci:Hs 


and Heinrich, Brr^ 72, 1222 {1930). 

Fuson, Arnold, and Coot*?, J. Arz. Cf-em. Soc~, 60, 2272 CI5CS). 



VAniATIOXS OF THE REFOnMATSKV llEACTION' 35 

SSSgS SSSS3S S oS 


g I 


35 K ass B 81 


5 
5 
S 
§ 

Hill illlli 1 
'Hitl liJiJI 5 

•=■= = =5 


Hill ^ I 

Tt'J'S? S 5 


1^5 §_- iili 3 
^§§=85 gggga g 
Y'ifBggS ^8.8.8.8.| g 

i.“TlS^B£ OetsapB ii 

SgBjcS gpggS 6 

i^Begg Igiise i 


D§ 


222 222« 

■— iP*7 

©oolites? oo ^^ h 8 

fCKKSPg « 

K K P 0 D S 
o c5cj X i.«A 




o 

6 


«8 

tSa 

o © 


TtS 


a 


“old. Ph.D. theai*, Dniveraity 



40 THE ARNDT-EISTERT SYNTHESIS 

methyl ketones, RCOCHjX (X = halogen). However, Arndt and 
co-workers,=’ ■*’ ® and shortly thereafter Robinson and Bradley,® showed 
that diazoketones were obtained in nearly quantitative yield when the 
acid chloride was added slowly to a cold solution of an excess of diazo- 
methane. This procedure varied from that of Nierenstein, who usually 
added one mole of diazomethane to the acid chloride, sometimes at 
slightly elevated temperatures (35°). According to Arndt and co- 
workers and Bradley and Schwarzenbach,' the foUoving reactions take 
place when an acid chloride is added to diazomethane. 


(a) 

RCOCl-h CH2N2 

RCOCHN2 + HCl 

(6) 

HCl-t- CH2N2 

— > CH3CI “I" Ns 

(c) 

TICOCHN2+HCI 

ECOCHsCl+Ns 


The initial reaction is the formation of the diazoketone with liberation 
of hydrogen chloride (a). The hj'drogen chloride then reacts with a 
second molecule of diazomethane to form methyl chloride (b). If any 
of the hydrogen chloride is not destroyed in this reaction, it will 
react with the diazoketone to jdeld the w-chlorometh 5 ’'Iketone (c). In 
general, where there is always an excess of diazomethane, reaction (c) 
takes place to a verj’^ limited extent, because the excess diazomethane 
reacts with the hydrogen chloride almost as fast as the hj'drogen chloride 
is formed. However, when the reaction is run so that there is alwa 5 'S 
an excess of acid chloride (by adding the diazomethane slowly to the 
acid chloride), some chloromethyl ketone is formed, especially at higher 
temperatures, although the high jnelds of this product obtained by 
Xierenstein have not been duplicated by other investigators.^ 

With the diazoketones readily available, Arndt and Eistert ® made a 
studj^ of the Wolff rearrangement and showed that it was of quite gen- 
eral application. Thej' pointed out that a combination of the two reac- 
tions, the formation of the diazoketone from acid chlorides and the 
W olff rearrangement, constituted a new method of lengthening a carbon 
chain by one methylene group. 

The diazoketones are believed to decompose by waj’’ of intermedi- 
ates similar to those involved in the Curtius rearrangement of acid 

’ .Ajndt, Eistert, and Partale, Ber., 60, 13G4 (1927). 

* .\radt and Amende, Ber., 61, 1122 (1928). 

‘ Arndt, Eistert, and .Amende, Ber.. 61, 1949 (1928). 

' Robinson and Bradley, J. Chem. Soe., 1310 (1928). 

’ Bradley and Schwarzenbacb, J, Chem. Soc., 2904 (1928). 

• Arndt and Eistert, Ber., 68, 200 (1935). 
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azides.*’ ** Tlie nitrogen is eliminated, and a short-lived radical is 
produced which rearranges to the corresponding kctene. 

RCOCHNj N,-)- rRCOCH=] -» RCH=C>=0 

RCON, N,+ [RCON=«l -» RN=C=0 

In several cases the intermediate ketencs have been isolated,** but 
ordinaril}’ they are converted to the acids, esters, or amides by the 
water, alcohol, ammonia, or amine present in the reaction mixture. 

RCir=C=0 + HOH -► RCHjCOiH 
-h R'OH RClItCOjR' 

+ NHi -► RCHsCONII, 

+ R'NHt RCIItCOXIIR' 

The rearrangement of optically active diazoketoncs, in which the carbon 
atom attached to the carbonyl group was asjTiimetric, resulted in the 
formation of optically active products except in one or tno instances.*®’ ** 
This result is similar to that obser\’ed in the rearrangement of optically 
active acid azides. 

It is considered that the metal catalyst whicli is usually required for 
tho reaction accelerates the decomposition of the diazoketone to the 
kctene, since in the absence of such a catalj'st no rearrangement takes 
place and the product formed is a derivative of the ketone. Thus, if 
dLazoacotophenone is heated with water at 70-SO®, benzoylcarbinol is 
obtained.*' * 

C«H»COCHN. -h ir,0 -♦ C»H»COCH,OII-f X, 

If silver is present, rearrangement t.nfces place and phenj’lacefic acid is 
formetl. Wolff* found that the addition of powdered silver did not 
c.atalj'ze tlie decomposition of diaroacetone in the presence of ammonia, 
but th.at the reaction was rapid if either silver oxide or sUver nitrate was 
adde<l. Tims, it appears that the catalyst, if it U metallic silver, must be 
colloidally dispersed. Arndt and Eistert • found that even with highly 
purified diazoketonc there was always a small amount of reduction of 
the silver salts which could account for the production of the necessarj’ 
catal 3 -st. Powdered copper and platinum have also been used as catalysts 
in the rearrangement but much less frcquentlj’. 

• Eistert, BfT., 68, SOS (1955). 

»• Lane. WUeni. Wfissberwr, and Wallia. J. Orf. Chrm., S. 276 (1940). 

>• Lan* and WaUis. J Orf. C^ffn., 6, «3 (1941). 

“Sdiwfpr. jifr., 43. 2346 (]{)09); 49. 27U (1916). Staudingrr and Ilirwl, 49 
252’ (1916). 
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THE SCOPE AKD LIMITATIONS OF THE SYNTHESIS 

It is apparent that by the Amdt-Eistert sj-nthesis an add can be con- 
verted to its next higher homolog by a three-step process. The over-all 
vield is ordinarilj* between 50 and 80%. Other well-known methods for 
accomplishing the same result include the following processes, which are 
prKented in outline form. 

[1] RCO.H ECOCl ECHO ECH-OH ECH^Er -> 

ECH-CN (or ECH;MgBr) -> ECH-COoH 

[2] ECO;H EC0;C.H5 ECH;OH ECHiBr -> ECH-CX 

(or ECH-MgBr) ECHiCO:H 

[3] ECO-H ECOCl ECOCX ECOCOiH ^ ECH 2 CO-H 

The choice of the method to be used depends on several factors, such 
as the amoimt of the add desired, the type of acid, and the over-all 
yields possible, hlethods 1 and 2, which consist of more steps than the 
Amdt-Eistert reaction, often give lower over-aH yields and require a 
longer working time. ^lethod 3 generally gives poor jdelds of the prod- 
uct. The Amdt-Eistert reaction can be carried through rapid!}*, one day 
usually being stiffident for the complete synthesis, and it is thus an ideal 
method when only small amounts of the final product are desired. It is 
of interest that Eistert “ and Burger and Avakian have worked suc- 
cessfully with amounts of diazoketone as large as 100 g. 

Each of the three methods outlined above involves a more or less 
drastic reduction which may interfere with its application to a com- 
pound containing a nitro, quinone, keto, lactone, ester, or other reducible 
group. The -Amdt-Eistert reaction involves no such step and can be 
used for the preparation of molecules which are sensitive to reducing 
agent-. For example, the nitrophenylacetic acids can be prepared easily 
and in good j-ields from the nitrobenzoyl chlorides.*' 

COCl COCHN- CH.CO:H 



B't., 69, 1074 (133C). 

Btirccr and J. O.-f. Cf.m^ 5, COS (10-50). 

^ Bnchmirm nn-d Itclni*-*, tinp'jblidSiPd resnita. 
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d-Homopilopic acid can be prepared from d-pilopic acid, the lactone 
ring remaining intact throughout the synthesis.**’ *** 


C,H,CH — cnco,H 

C.HiCH CHCOCKN, 

c,n,cn — CHCH,co.H 

o=c in, 


in, 




d-Wopic »e.4 


d-Homopaopie »cid 


An illustration of the conversion of a /3,T-unsaturated acid to its homolog 
is the preparation of /3'(2-mefhylc3-cloheienyl)-p«}pionic acid from 2- 
methylcyclohexenylacetic acid.** 


CH, cn, 



CITjCOOH CITj 


A dicarboxjdic acid can be converted, through its acid ester, to its 
next higher homolog, a process which would be difiicult to accomplish 
bj* other methods. Thus, glutaric acid has been converted to adipic 
acid through the intermediate ester chloride.'* 

CHiCOCl Cn,CO-CHN, CIWH,CO,CH, CH.CH.COiH 

<I:h,ch,co.c,Hi ”* (!:n,CK,co.c,rri "* hu^afio,c,iu 

Tlie Amdt-Eistert reaction is ideal for use on comple.x molecules. The 
reaction is carried out at moderately low temperatures so that the 
chances of decomposing the molecule are not as great as in some of the 
other F^Tithcses. An interesting example in the sjTithcsU of the sex 
hormone equilenin is the conversion of one of the intermediates to its 
next higher homolog in good yield (80-84%),** 

CHj CH, 
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The foUovring are some of the sjmtheses that have been earned out in 
the heterocyclic series b}' means of the Amdt-Eistert synthesb. 


ILs "" ILs .CO:H 

ztdd 




J 


-CH2C02H 


Tnict*2p=;li:e;e-3-s«tic sdd^ 





EHiCO-H 




Although diazoketones have been prepared successfully from 2-,“ 3-,"^ 
and 4-pyridinecarboiylic acid ** and from 4-quinolinecarbox5'Iic acid,-^ 
the W olS rearrangement on the diazoketones has not been reported- The 
complete sjmthesis has been carried out on A'-methylpyrrole-2-carbos- 
j'lic acid.-^ 

An ingenious application of the synth^is has been made in a synthesis 
of papaverine. The diazoketone prepared from the acid chloride of 
veratric acid and diazomethane vras allovred to react vrith homovera- 
trylamine to ^ve the substituted amide of homoveratric acid, vrhich rras 
then C3'clized and dehydrogenated to jjapaverine.-' 


CH- CH; 



OCH, 


“ E'J'i? M. F. Zientj", J. An, Cf,m. Soc^ 63, 2515 I'lOlI). 

^ EEd Eneru Ger. pEt„ foO.TC'o [C. -■!„ 32, S55 (1535j]. 

^ Crry^’s: ee-J DiT;e«, J. Cr.cr%. Soc, 1C5T (lerTi- 
" TiteS, Merer. E&d HeictrvSs, ffelT. O.in. Aetn, 20, S5.3 (IVSTj. 

VTirten't'd ard CokI. Ard.. Prjzrr-.^ K3, 70 {1510;. 

Ev:Emr7en and EKirro-Jr, Ber., 73, 44 (1510;. ; Dorrersr. Be-., 73, 1S5 (1510;. 
Klr-r ard Vert. J. ISO? (1510;. 

“ Eir-jrr-„ .Ir.f-.-. Cte-r, 54, 124 {1541>. 
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Since the product obtained in the Amdt-Eistert sjuthesis is an acid, or 
a derivative which can be liydroh-zed to an acid, it is possible to continue 
the chain-lengthening process. The method is particularly adapted for 
the preparation of a homologous scries of acids. In a number of cases 
two methylene groups have been added to the chain of an acid by carrj-- 
ing out two successive Amdt-Eastert sjTitheses.”' **• s'* Two methylene 
groups li.ave boon introduced into dicarboxj'Iic acids in one operation 
(bishomologation) bj* the Amdl-Eistert method. Thus, adipic acid has 
been converted to suberic acid, and sebacic acid to decane-1, lO-dicarbox- 
ylic acid through the intermediate bisdiazofcetones.**- ** 


CHiCHsCOCl CHjCH-CO— CRN, CH,CH.CHjCO.H 

I ^ ! -^1 

CHjCHsCOCl CHjClItCO— CHNi CH,CH,CH.CO,H 

Adip>I cUoridft 8ub«rEe fteid 

»»<) IbutaiM 

Little work has been done on the use of <haio compounds other than 
diazomethane in the Amdt-Eistert s^Tithesis. It has been reported that 
the diazoketone obtained from p-nitrobenzoyl chloride and diazoethane 
3*icldcd p-nitrophenylmetbylacetanilide when rearranged in aniline.” 

p-NOiC4n.COCl p-NOAJ.H.CO-C(CH,)N, 

j>-no,c*H4Co— c(cn,)N« + C4H4NH1 -* p-NO,C4n.cn(cnocoNHC,n. + Ni 


Several carboalkoxj'diazoketones, RCO— CN5CO2R', formed by inter- 
action of acid clilorides and diazoacetic ester,*' have been submitted to 
rearrangement.** Tlie diazokctone prepared from a-furoj -1 bromide and 
methyl diazoacetate jnelded dimethyl o-fuiylmalonate when rearranged 
in methanol in the presence of platinum.** 


toJ-COB, 


■ I[^^3-CX>-CN.C 


C^JL-chcc 


The chlorides of two hindered adds have been found to resist the action 
of diazomethane; these are the chloride of the acid ester of homocam- 


*• Bathmann and Edgcrton. J. .4bi. Chem. Soe-. CS50 (1940). 

” Bachmanrt and Holmea. J. -4 m. Cin"- Soe^ 0,2750 (19M». 

’» Waller, J. CArm, S>f., 1301 (IWO). 

” Work. J. Chem. Soc^ 1315 (1940). 

" Eiitrrt, unpubliahed wsults. wl- 25. 

‘■Staudinsrr and .Mirhlioe, 49, 1923 0916); Staudmsrr. Brckw. and HirteJ 
Ber^ 49, 1978 (1916). 

** Rficliateiii and Morsman. Helt. CAt* 


t. Jcta.1T. 1119 (1931). 
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phoric acid in n-liicli the acid chloride group is attached to a tertiary 
carbon atom ” and mesitoyl chloride.*® 


CHs 

1 

CH 2 G— coa 

1 

CHs— C— CHj 

1 

CHi CH— CHiCO-CiHs 


COCl 

CHs-r^^CHs 

CHs 


Unlike the acid chlorides of carboxj'hc acids, sulfonyl chlorides fail to 
react ■with diazomethane.** 

Functional groups as phenolic hydroxyl, aldehj'de, active methylene, 
and a,j3-unsaturated carbon}’! groups, which are capable of reacting with 
diazomethane, might be expected to interfere in the Amdt-Eistert 
sx’nthesis. Only a few acid chlorides containing such groups have been 
studied. From 4-fluoTenonecarbox}'lic acid chloride, the methyl ester 
of 4-fluorenoneacetic acid was obtained in 84% }-ield,*® although the 
parent ketone, fluorenone, reacts ■with diazomethane.*® Like'wise, 
2-hydrox}'-3-naphthoyl chloride }’ields the diazoketone ■without methyl- 
ation of the hydrox}’! group.** However, it is not certain that the acid 
chloride group in other compounds containing reactive groups ■will react 
preferentially ■with the diazomethane. 

One of the side reactions that occurs in the preparation of the diazo- 
ketones is the formation of a'-halomethyl ketones. As has already been 
pointed out, this reaction is not significant if the reaction is carried out 
at low temperature in the presence of an excess of diazomethane. If the 
diazoketone is treated ■with halogen acids, the o-halomethyl ketone can 
be obtained in excellent rield, and this reaction has been used recently 
for preparative purposes.**' ■ **■ **• ** 


R— C— CHNj-l- HCI R— C— CH-Cl + 

I' It 


O 


o 


Other side reactions apparently accompany the formation of some diazo- 
ketones, since the latter are sometimes contaminated ■with impurities 
as yet mudentified. In view of the reaction between acid chlorides and 
diazoacetic ester,**' ** there is a posibility that the diazoketone formed 

“ Litran and Robinson, J. Chem. Soc^ 1997 (193S). 

** .trndt and Scholz, Ber., 66, 1012 (1933). 

“ Bach m ann and Sheeban, J. Am. Chart. Soc., 62, 26S7 (1940). 

** Scbnlta, Sohulti, and (lochtan, J. Am. Chan. Sac., 62, 2902 (1940). 

^ Kizitalla and Eistert, J. -praU. Chan., 143, SO (1935). 

“ Haboriand. Ber., 72, 1215 (1939). 
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initially may react with a second molecule of the acid chloride, but this 
has not been established. 


EXPERIMENTAL CONDITIONS AND PROCEDURES 

The acid chloride used in the first step of the Arndt-Eistert reaction 
may be prepared by any of the usual methods, but it should be care- 
fully purified, by distillation whenever possible. The solvents and appa- 
ratus must be scrupulously diy, especially when aliphatic chlorides 
are employed, in order to avoid hydrclj-sis. Any free acid formed by 
hydrolysis will be converted to the methyl ester by the diazomethane, 
thus contaminating the product and decreasing the yield. 

Diazomethane must be prepared with earc. It is extremely toxic, and 
repeated exposure to even very low coneentrations causes increased 
sensitivity to the substance. An account of a case of acute diazomethane 
poisoning has been published.’* A good hood with a forced draft is 
strongly recommended for work with diazomethane. Diazomethane 
is e.xplosive in the gaseous state, and, althougii the ethereal solutions, 
which are generally used, are safe to handle at room temperature or 
lower, a eertain amount of care must be exercised. Fortunately, an 
ether solution of diazomethane can be prepared at 0® from i'f-nitroso- 
methylurea,”' *'■ and the solution can be used without purification by dis- 
tillation. An inexpensive method for preparing A'-nitrosornethyliirea 
from urea and methylamine hydrochloride has been described." It 
should be mentioned that AT-nitrosometliylurea has been known to 
explode when kept at room temperature, but when stored in a cold place 
the compound remains unchanged for months. 

Tlie preparation of diazomethane from JV-nitrosomethyluretlian " by 
von redimann’s method is convenient for small amounts, although the 
diazomethane usually requires purification by distillation. The method 
consists in decomposing the urelhan by means of a sodium aleoholatc. 
Higher alcohols, such as propanol ” and ethylene glycol, haro been 
used to make the aleoholatc in order to minimize contamination of the 


diazomethane. , . , , , j 

Diazomethane has been prepared also from hydrazine, chloroform, and 
potassium hydroxide." A new method which appears attractive, but 
» Sued,™ C.n.„. ..d raids So . «S. M9 .llOSl. 

" J.. . .It, sas (191S) . US, 317 (19191 

Wernfr. J. cLm. Soe.,' 11», iOOG (1919). 

« Arndt. and Av an. B^r.. 73, C06 OSW- 

*’ Hartman and Phillips. Org. SynUlest*. 1*. S* (19331. 

“ Mecnrein and Bumelcit, Brr., 61, 1S45 (1928). 

« Staudinger and Kupfer. Ber.. 45. SOI (1912). 
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wHch has not yet found extensive use, consists in the treatment ol 
nitrosomethylaminomesityl oxide -n-ith sodium isopropoxide.*® The 
requisite intermediate is obtained readily from mesityl oxide, methyl- 
amine, and nitrous acid. 

The concentration of diazomethane in a solution is estimated best b3’ 
titration -ndth benzoic acid according to the procedure of hlarshall and 
Acree.^" 

From a consideration of the reactions which occur on interaction of an 
acid chloride and diazomethane, it is evident that the acid chloride 
should he added to an excess of diazomelhane, for in this manner the side 
reaction leading to the formation of the a.'-halometh3'l ketone is sup- 
pressed. A solution (or suspeusion) of the acid chloride (1 mole) m 
ether or benzene is added slowl3' to a cold (0-5°) solution of diazomethane 
(3 moles) in ether or benzene with sn-irlmg or mechanical stirring of the 
mixture. GeneraU3- a brisk evolution of nitrogen takes place. With 
reactive acid chlorides, such as most aliphatic acid chlorides, the reaction 
appears to be complete as soon as addition has been made, but usuall3' 
the mixture is allowed to stand at 20-25° for an hour or two. With 
aromatic and other less reactive acid chlorides, two hours and more 
(sometimes twelve to twenty-four hours) is generally allowed. 

Some diazoketones crystallize from the solution as the3' are formed, or 
when the solution is cooled to — 10° or lower. Usually the3' are isolated 
b5- evaporating the solvent imder reduced pressure from a water bath 
held at 20-30°. As a rule, the residual diazoketone is satisfactory for 
Tearrangement without further purification. If it is crystaHine, the 
diazoketone may be purified by trituration with a small volume of cold 
solvent in order to dissolve oil3- impurities, and man3- diazoketones have 
been reciystallized. Purification by distillation is not recommended. 
Diazoacetone explodes when distilled at atmospheric pressure (113- 
115°), but it has been distilled without decomposition under reduced 
pte^ure.^ Whole most diazoketones appear to be stable omder ordinary 
conditions, and some even in cold methanolic potassium hydro.xide solu- 
tion,'*“ the crystalline diazoketone obtained from cinnamovl chloride and 
dlazomethane is unstable and decomposes on standing." 

For the rearrangement of the diazoketones to 3-ield acids, esters, 
amides, and substituted amides, silver oxide is frequentlv emploved. 
Freshly prepared silver oxide and commercial silo'er oxide have been 
used with equal succes. The silver oxide may be prepared bx" adding a 
dilute solution of sodium hx-droxide to a solution of silx'er nitrate (10%) 

Adamsoa and Keacer, J. Chm. Soc^ 2S6 (1935). 

Xlai^iusU and Acres, Ber^ 43, 2323 (1910). 

Bdehsteia and v. Earc, Belt. Cf.im. Ada, 22, 1209 (1939) ; 23. 136 (1940). 



EXPERIMENTAL CXJXDITIOXS AND PROCEDURES 


49 


until precipitation Is just complete, an excess of alkali being avoided. 
The silver oxide is washed several times with distilled water by 
decantation and then filtered by suction and washed well with 
water. 

In order to prepare an acid, a dioxanc solution of the diazoketone is 
added slowly to a warm (00-70") aqueous solution of silver nitrate and 
sodium thiosulfate or to a suspension of sUver oxide in a dilute solution 
of sodium thiosulfate. If the conversion to the acid fails to give good 
results, it may be advisable to employ the procedures for making the 
ester or amide, which arc obtained generaUy in higher yields than the 
acids, and obtain the free acid by hydrolysis of the derivative. 

Esters of the homologous acids are prepared by adding silver oxide to 
a hot solution or suspension of the diazoketone in an anhydrous alcohol. 
Methanol, ethanol, and propanol have been used, methanol most fr^ 
quently. The silver oxide is added generally in the form of a sluriy m 
the alcohol, best results being obtained if it is added in portions over a 
period of an hour or two rather than in one lot.” The silver oxide is 
reduced by hot methanol to metallic silver, which usually deposits as a 
mirror on the sides of the flask. 

There is an appreciable difference in the rates with which various 
diazoketones rearrange and form estcra. Sometimes the reaction « 
complete in an hour; however, as much as twelve hours may be neces- 
sarx’ for completion of the reaction. The presence of unread^ diazo 
ketone may be detected by the evolution of nitrogen which takes place 
when a sample of the solution is treated with a drop or two of concen- 
trated hydrochloric acid.» If the reaction is slow, it may be advisable 
to continue the addition of more silver oxide. In a few resistant eases, 

the solution w as filtered from the sludge of sdi-er and silver oxide and the 

filtrate was treated with fresh silver oxide. In one preparation, bes 

results wereobtained by refl«xingasiu^pens.onofsd’-eroxidem^ 

until a thin silver mirror was formed {about fifteen minutes), then add- 
ing the diazoketone and continumg the refluxing. 

T1.C conversion ot n dbcokclonc to on nc.d annde hen been accom- 
plished by pa-ssin5 ammonia into a cold solution ot Hie diazoketone 
Ethanol conLning n small an.o.mt of silver omde. The procednm has 
been Lemcd also and the diamketone added to an ethanol.c so utinn 
ot ammonia, tollon cd by the addition ot silver ovide or -"I''" ”«">> 
more widely used scheme cousists in treatmg a warm solution ot the 
more w laeij u- 10-28% aqueous solution of ammonia con- 

diazoketoncmdioxanewithaiu-^/p««i“»~ „,ivtnnt. U 

... ii —rviiTif of Mlx'er nitrate, after which the mixture is 

;3,o\rm1,r™”-1tt:.d.ppea;dcsimb.eto,a^ 
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(use of shield) when heating mbetures containing ammoniacal silver 
nitrate. 

A number of procedures have been employed to prepare anilides from 
the diazohetones. Some have been prepared by the gradual addition of 
the diazoketone to boiling aniline; *• after each addition one waits until 
the evolution of nitrogen has ceased before making another addition. A 
better procedure coasists in warming a solution of the diazoketone and 
aniline in ethanol or dioxane containing a small amount of aqueoas silver 
nitrate.^ 

Occasionally the product obtained in a reaction may contain traces 
of colloidal silver or silver salts. Tlicse maj' be removed by filtering a 
solution of the compound through alumina, after first making the solution 
alkaline if an acid is the product. 

Preparation of Diazomethane 

From 7/-Nitrosomethylurea.*’ A mixture of 150 cc. of ordinary' ether 
and 45 cc. of 40% aqueous potassium hydro.xide is cooled to 5°. To this 
is added, •with continuous cooling and efficient stirring or suirling, 15 g. 
of finely powdered A-nitrosomethylurea in small portions as rapidly' as 
the crj'stals dissolve (a few minutes). The deep y'ellow ethereal solution 
of diazomethane can be separated from the aqueous lay'er by' decanta- 
tion or by' means of a separatory funnel. The solution, which contaias 
about 4.2 g. of diazomethane, is dried for several hours over pellets of 
pure potassium hydro.'ddo or over .soda-lime. A .solution of diazo- 
methane in benzene may be prepared in the same way'. Larger runs 
may be made by' varying the amounts of material accordingly'. 

From JV-Nitrosometbyluretbam’^ A solution of 2.8 g. of powdered 
X)ota^iun hydroxide (83%) in 10 cc. of warm propanol is prepared in a 
12.5-cc. Claisen flask; 60 cc. of anhydrous ether is added to the solution, 
and the flask is attached to a dry- condenser, which is cormected to a 
receiver (a suction flask fitted ■with a drying tube) containing about 
10 cc. of anhydrous ether. The end of the condenser dips below the 
surface of the ether in the receiver. Through a dropping fuimel a solu- 
tion of 4.3 cc. of nitrosomethylurethan in 10 cc. of anhydrous ether is 
dropped into the alkaline mixture; the diazomethane is distilled from 
the mixture as it is formed. The ethereal solution contains between 
0.72 and 0.9 g. of diazomethane and is suitable for reaction ■without 
drying. ^ 

Preparation of Acids 

Converaon of o-NaphOioic Acid to cr-Naphthylacetic Acid.®' ^ A solu- 
tion of 19 g. of a-naphthoyl chloride in 50 cc. of absolute ether is added 



PREPARATION OF AMIDES 51 

at &-10® to a solution of diazomethanc prepared from 35 g. of nitroso- 
mcthvlurca in 500 cc. of ether. After several hours at 20-25®, the ether 
is removed under reduced pressure, finally at 30®. The crj-stalline 
yellow re.siduc of ct-naphthoyldiazomcthaoe (m p. of a sample after 
rcciystallization from benzene, 64-65*) wei^ 18 g. (92%). 

A solution of 15 g. of the diazohetone in 100 cc. of dioxane is added 
dropwisc with stirring to a mhriure of 2 g. of silver oxide, 5 g^of an- 
hydrous sodium carbonate, and 3 g. of sodium thiosulfate m 200 cc. of 
water at 50-60®. Stirring is continued for one hour after addition « 
complete, and the temperature of the mixture is raised finaUy to 90- 
100®. Tlie solution is cooled, diluted irith water, and acidified with 
dilute nitric acid. Tlie tt-naphthylaeelic acid, tshich precipitate^is fil- 
tered from the mixture and rcco-stallized from water; j-ield, 10-12 g. 

''^Sorgaiior 'sebacic Acid to Decao^l.lWi^boaylic Acid 

(p. 45). An ctbcre.M solution ot scbacyl cblonde prepaerf from 20 g. of 

sLcic acid is added sloiviy 10 an ethereal solution 

(prepared from 50 g. of nitrosomelhylurea), and the miyture is “>1°™ 

to stand overnight. Tl.e ether and excess ot 

under reduced pressure, and the residual eonta Ume ^ 

tanc is collected; jneld, 19.3 e (n%, based on the aeid) ; m.p. 91 .after 

Trolult'oTe? g, in iOO ee. of rearm dioxano is 

adleTS stirring fo . suspension ot 7 g. of froshly 

oxide in 250 cc. of an aqueous solution containing 1 1 g 

fate at 76-. A brisk evolntion of nitregen oeenrs. 

half bourn at 75’, the black siiver residue M 

dear, almost colorless filtrateiBinadifiedn,lhnitneae,d»dfe 

l, 10 -dicarbox 3 ’lic acid is extracted „,,.]ii,ation from 20% 

4.5 g. (72%) of crude acid is obtained, ^ter recry 
aqueous acetic acid, it melts at 127-128 - 


Preparation of Amides 

Conversion of p-Anisoyl Chloride to the A=nf 

Add.» To an ethereal solution of diazometl^eobta 

nilrosomelliyluma 150 g. of poinisoyl ebloiidc m jLtillation 

is alloivod to stand overnight. The solvent » remoirf 
and the co-slalline diaiokctone is “'7®'*““"”. '^O.gi.^rield 
which it separates as transparent, hexagonal prisms, m.p. J 

109 g. (70.3%). 
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A solution of 20 g. of the diazokctone in 100 cc. of dioxane is treated 
with 150 cc. of aqueous ammonia (sp. gr. 0.9) and 30 cc. of 10% aqueou-s 
silver nitrate solution at 00-70°. The mixture is boiled under reflux for 
two hours, cooled, and the 7 )-homoanis.amidc is precipitated by the addi- 
tion of water. Recrj^stallization from ethanol yields 15 g. (81%) of the 
pure amide; m.p. 188-189°. 

Preparation of Anthraquinone-2-acetanilide.® To a solution of 
diazomethane in dioxane (prepared from 35 g. of nitrosomethylurca) is 
added 27 g. of anthraquinonc-2-carbo.\yIic acid chloride. 'i^Ticn the re- 
action is complete, a few cubic centimeters of water are added and then 
30 cc. of aniline and 30 cc. of 10% aqueous silver nitrate solution. A 
renewed evolution of gas occurs, llic reaction is completed b}' heating 
on a steam bath. The product begins to separate while the mi.vture is 
still warm; after cooling, the product is fdtered, dried, and rccrystallized 
from xylene, from wliich the anilide is obtained as small, colorless needles; 
m.p. 267-268°. 

Preparation of 2-Hydroxy-3-naphthylacetanilide.’’ To an ethereal 
solution of diazoraethane prepared from 35 g. of nitrosomethylurea is 
added 25 g. of 2-acetoxy-3-naphthoyl chloride. After one-quarter hour 
at room temperature, the mixture is cooled for one hour at —15°, and 
the precipitated diazoketone [23 g. (90%); m.p. 122-123°, dec.] is 
filtered from the mixture. 

Ten grams of the diazoketone is added in portions to 30 g. of boiling 
aniline; after each addition the reaction is allowed to run to completion 
before the next portion is added. The mixture is boiled for a short time 
after all the diazoketone has been added, cooled, and poured into dilute 
hydrochloric acid. The anilide is filtered from the mixture and recrj'^stal- 
lized from ethanol or acetic acid; m.p. 215-216°; yield, 7.1 g. (58%). 

Preparation of Esters 

Preparation of the Ethyl Ester of a-Naphthylacetic Acid.^^’ ® The 
diazoketone is prepared from the acid chloride of a-naphthoic acid in 
the manner described (p. 50). To a solution of 10 g. of the diazoketone 
in 150 cc. of ethanol at 55-60° is added a small amount of a slurry of 
silver oxide, prepared from 10 cc. of 10% aqueous silver nitrate and 
stirred with 30 cc. of ethanol. As soon as the evolution of nitrogen sub- 
sides, more of the sUver oxide is introduced, and this process is continued 
until all the slurry has been added. The mixture is then refluxed for a 
short time, treated with charcoal, filtered, and evaporated. Distilla- 
tion yields 8-9 g. (73-82%) of ethyl a-naphthylacetate, boiling at 175- 
178°/11 mm. 
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Preparation of the Dimethyl Ester of 7-Methoxy-2-methyl-2-carbozy- 
1,2,3,4-tetrahydrophenaathrene-l-^ptopioafc Acid “ (p. 43). To 4 cc. 
of ice-cold drj’ benzene in a 125-ec. filter flask fitted with a drying tube 
are added 2 drops of pjTidine and then 1.5 cc. of pure thionyl chloride. 
To the cold solution is added 1.7Ig. of 7-inetho.'Yy-2'methyJ-2-carbometh- 
oxy-l,2,3,4-tetraliydrophenanthrene-l-acetic acid (p. 43) in powdered 
form. After standing at room temperature for one-half hour, the 
mixture is wanned to about 40** for ten minutes. The orange-yellow 
solution, containing some pyridine hydrochloride in suspension, i? 
e^'aporated under reduced pressure; 2 cc. of benzene is added, and the 
solution is evaporated agmn in order to remove traces of thionyl chlo- 
ride. The ciystalline acid chloride is dissolved in 16 cc. of warm benzene; 
the solution is cooled somewhat and decanted carefully (through a small 
plug of cotton in the side arm of the flask) drop by drop into a cold (6“) 
solution of diazomethane in ether (prepared from 4.5 cc. of nifrosometh- 
ylurethanc) ; during the addition the diazomethane solution is swirled 
constantly. 

After fifteen to thirty minutes, the ether and excess of diazomethane 
arc removed under reduced pressure at room temperature. To the 
cryctallino diazoketone is added 35 cc of anhydrous methanol, and to 
the warm (60®) mixture is added one-half of the silver oxide which has 
been prepared from 3,0 cc. of 10% aqueous silver nitrate solution and 
made into a slurry with methanol. The mixture is wanned on a water 
bath at about 60® with frequent swirling. Nitrogen is eTOh’ed, and 
after fifteen to twenty minutes all of the rather insoluble diazoketone has 
gone into solution. At this time a small amount of silver oxide is added 
and the heating is continued; further additions of silver oxide are made 
every five minutes, so that after six additions all of it has been added. 
Then the mixture is refluxed for fifteen minutes, treated with Norit, 
filtered, and concentrated to a small xmlume. On cooling, the product 
erj-stajlizes; jield, 1.4S-1.56 g- (S0-S4%); m.p. 97-101®. If the crystals 
darken on exposure to light, a benzene solution of the product is passed 
through a short column of alumina in order to remove traces of silver 
compounds present. 

STTRVET OF THE ARKDT-EISTERT SYNTHESIS 

In the following table are pxxjn nearly all the examples of the sj-n- 
thesis which had been reported prior to November, 1941. The first 
column gives the name or formula, or both, of the acid used as the start- 
ing material. Tlie acids are listed in the following order: aliphatic, 
cyclonlkyl, .aryUalkyl, .aromatic, and heterocyclic acids- Frequently an 
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est<?r or amide of the homologous acid was prepared in the ssmthesis, and 
the derivative was then hydrolyzed to the free acid, the weight of which 
was recorded. The second column shows the product (acid, ester, or 
amide) which was prepared initialh", and the third column indicates the 
compound which was isolated. Tlie jnelds, which are reported in the 
fourth column, represent the convendon of the starting acid to the com- 
pound which was isolated and are the over-all jnelds for the three steps: 
preparation of the acid chloride, formation of the diazoketone, and 
rearrangement of the diazoketone. 
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INTRODUCTION 

The replacement of a hydrogen atom by a chloromethyl group in a 
single operation has come to be known as chloromethjdation. The 
process may be illustrated by the earliest example, a sjmthesis of benzyl 
chloride carried out bj-- Grassi and ^laselli * in 1898. These authors 
used benzene, hydrogen chloride, paraformaldehyde, and zinc chloride. 

CcHs + CHoO + HCl -> CcHiCHoCl + HjO 

Chloromethylation is of value in synthetic work inasmuch as the 
— CH 2 CI group can be converted to other groups such as — CH 2 OH, 
— CHO, CHaCN, and — CHg- 

The present review has been limited to nuclear chloromethylation of 
aromatic compounds. Typical procedures are given, and an attempt has 
been made to indicate the scope and limitations of the reaction. The 
reactions are listed in tabular form. 

THE SCOPE AND LIMITATIONS OF THE REACTION 

Chloromethylation is generallj' applicable to aromatic hydrocarbons. 
Benzene, naphthalene, anthracene, phenanthrene, biphenyl, and many 
of their derivatives have been converted to chloromethyl derivatives. 
Terphenyl, however, resists chloromethylation altogether.® Monoalkyl 
benzene derivatives jdeld para chloromethyl compounds frequently 
accompanied b}' lesser amounts of the ortho isomers. A second chloro- 
methjd group usually can be introduced, and sometimes excellent jdelds 
of dichloromethj’l derivatives are obtained. Examples are the dichloro- 
methyl derivatives of m-xjdene ® and mesitylene.^ 



m-Xylene ilesitylene 


The presence of a halogen atom on the ring causes the reaction to be 
more difficult to effect. Although such compounds as bromo- and chloro- 
benzene, bromo- and chlorotoluenes, and p-dichlorobenzene can be 
chloromethylated, the jdelds are frequently low. More highly balo- 

* Grass! and Maselli, Gazz. chim. ilal., 28, 11, 477 (1898). 

’ V. Braun, Irmish, and Nelles, Ber., 66, 1471 (1933). 

* V. Braun and Nelles, Ber., 67, 1094 (1934). 

‘ Nauta and Dienske, Rec. Iraz. chim., 55, 1000 (1930). 
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genated derivatives generally fjul to undergo chloromethylation. As 
might be expected, hoR-e\‘er, halogen derivatives of poijTnethylbenzenes 
sometimes react readily to px*e high jdelds of chloromethyl compounds. 
Bromomesitylene is an example.* 


CHtCl 



Nitro groups tend to inhibit tJie reaction. Nitrobenzene,*’ ^ o-nitro- 
toluene,* p-nitrotoluene,* nitromesilylene,^ and l-nitronaphthalene have 
been found to give chloromethyl deri^'atives, but usually in low jaelds. 
m-Dinitrobcnzenc and 1,3,5-tritutrobcnzeDe, as well as o- and p-chloro- 
lutrobcnzene, fail to react* 

Ketones arc generally uorcactive. Acetophenone appears to react,’ 
but benzophenone * and anthraquinone * are recovered unchanged. 
However, chloromethylation is successful with ketones such as acetome* 
eitylene, acetoLsodurene, and 2,4,C-trielhylacctopheDone.' 

Phenols, as might be expected, react so readil}’ that the reaction gen- 
erally goes too far, yielding polymeric materials. The presence of a 
nitro group counteracts this tendency; satisfactory yields from nitro- 
phenols have been reported.*’ **• “ A suitable device for getting around 
the difficulty with phenols is to convert them to esters by treatment with 
ctVl chlorocarbonate; the ethyl ao'l carbonates can be cliloromethylatcd 
successfully.’’’ “ 

I'ho most important sido reaction is that leading to the fonnatioa of 
the corresponding diarylmethane derivative. Highly reactive com- 
pounds of many sorts — naphthalene, antsole, phenols, polymethj-lbeQ- 
zcncs, etc. — tend to yield this type of product, and it is often difficult or 
impassible to isolate the intermediate chloromethyl derivative. Exam- 
ples are a- and iS-napUthoI.** 

* Fuson, Kneisley. Lindsey, Rabjokn. and Spcrati. unpublished work. 

* Stephen, Short, and Gladdin*, J. Cllem. Soe^ 117, 510 (1920} 

’ Vas-on, BoUe. and Calm. RuU. toe ckim., (5) 6. 1025 (1939}. 

* Fuson and MeKeever, r. Am. Cftew. &». «*. 7S4 (1940). 

* Stoeimer and Behn. Ber., SI, 3455 (1901). 

’» BueWer, Kirchnsr. and Diebri, Ori S{mUe*r4. SO, 69 (1910). 

“ Ger pat.. 1.33.175 (1900) {Chem Zrmlr, n. II. SI (1902}). 

“Soinmelct. Bull. sw. cA>m . [1153, S53 (1933) 

'« Somiuelet and Marsi-ajc. Com pt. read. 198. 3256 (1934). 

“ Sommelet. Compl. rend , 197, 256 (1933). 

** Castiglioni, Goti. tAim. 67, 324 (1937). 
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Aromatic amines react verj’ rcadilj', but it lias not been possible to 
isolate their simple chloromethyl derivatives."' These could hardly be 
expected to be stable, since the highly reactive chloromethyl group would 
undoubtedly condense with anj’ amino group that might be present in 
the molecule. 

In a study of the eflect of substituents on the ease of chloromethj'la- 
tion of benzene by chloromethyl ether in the absence of a catalyst, Yavon, 
Bolle, and Calin ' ha\'e found that the rate is increased bj' — CH3, 
— C2H3, — C3H7, — OCH3, and — OC3H7, and diminished by — Cl, — Br, 
— I,*— CH2CI, — CO2H, and — NO2. These effects arc illustrated by the 
following relative rates of reaction. 

Benzene 
Toluene 
jn-Xylene 
Mesitylene 
Ani.'ole 

3,5-Dimcthj-lani.sole 
Chloromesitylene 
Nitrobenzene 
Nitromesitylenc 


1 

3 

24 

600 

1,300 

100,000 

2 

Too slow to measure 
Too slow to measure 


PROCEDURES 

The procedure for chloromethylation has been modified in numerous 
M'aj's. The formaldehyde may' be added as formalin, or it may' be gen- 
erated in the reaction mixture by depolymerization of paraformaldehyde 
(trio.xymethy'lene), (The terms paraformaldehyde and trio.xymethy'lene, 
used interchangeably' in the literature, refer to the poh'oxymethy'lenes — 
polymers ha’V'ing the structure H0CH20(CH20)nCH20H. The trimer 
(CH20)3, melting at 62-63°, is called aZp/ia-trioxymethy'lene.^' It is 
anhy'drous, whereas paraformaldehyde generally contains from 2 to 5% 
of water.) Instead of formaldehy'de and hydrochloric acid, diethy'l or 
dimethy'l formal and hydrochloric acid may' be used. YTien chloro- 
methyl ethers or dichloromethy'l ether are employ'ed, the reaction usually 
can be effected without hy'drochloric acid. 

Cataly'sts may' or may' not be required. Among the cataly'sts which 
have been found to be especially' useful are zinc chloride, .sulfuric acid, 
and acetic acid. ATields with jT-bromotoluene are increased about three- 
fold by' mbdng a httle almnininn chloride with the fused zinc chloride.*® 

Wagner, J. Am. Chem. Soc., 55, 724 (1933;. 

'r Pratesi, Gazz. chim. iltd., 14, 139 (1884). 

Fieser and Seligman. J. Am. Cftem. Soc., 67, 942 (1935). 
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Blanc introduced the — CflsCl group into aromatic hydrocarbons by 
moans of a mixture of formalin or paraformaldehyde and hydrochloric 
acid in the presence of sine chloride. Dar2cn3 and Ld\’y,” in their syn- 
theses of derivatives of naphthalene, employed paraformaldehyde and 
hydrochloric acid in acetic acid elution. Quelot and his co-workers,*‘'“ 
who l)ave carried out numerous f^mtlieses starting with aiyd ethers, 
employed formalin and hydrochloric acid, with or without a catalyst, 
and modified the technique according to the sensitiveness of the chloro- 
methylation product which was expected. Varan, Bolle, and Colin, ^ 
as has already been stated, developed a teclmique permitting them to 
follow the course of the reaction and to study the influence of substitu- 
ents on the case of introduction of the — CIf 2 CI group. TTie}' used 
chloromethyl ether, without a catalj'st, usual! 3 ’ in acetic acid solution. 

The most successful method for the chloromcthjdation of aromatic 
hydrocarbons is that of Blanc.** It has been modified in various waj's. 
The preparation of benzyl chloride illustrates one of these variations. 

CblorometbyUtion of Benzene** 

(Method of Blanc) 

CH,C] 

+ OH,o + nci -S£l4 + HiO 

A mixture of 000 g. (7.7 moles) of benzene, CO g. (2 moles) of para- 
formaldehyde,* and 00 g, of pulverized zinc chloride t is heated to 60* 
with stirring. Wiile this temperature b maintained, a rapid stream of 
hydrogen cliloride is passed into the reaction mixture until no more gas 
is absorbed (about tirenty minutes). The organic laj’er is removed, 

* It ia posuble to use 40% formalio in {4sr« of parafonaaldphyde. In this case more 
line (hloride la mjuind. The foUowiDg proportions are moat satisfactory 400 g. of bea- 
teae, 75 e- of 40% formslin. sod 100 g of pulirniedstncrhlorido. Tber^etJOn J9 rained 
out sadearribod, if sllorrrd to run 1irrl>etK)ur8,s70% yield of dipbenyloiethaneis obtained 

t If the proportion of sine chlorido lainrrraard. the yidd of dirhloromsthyl derivative is 
correspondingly greater; if less sine cblonde ia used, slmoatno dichlornmethyl compound la 
produced but the yield of benayl chloride le duunusbed. 

•» Blanc, Su/f. toe. cAim., HI 95. 313 (19Z3). 

“ Dariena and Lfvy. Compl. rend., S02, 73 a936). 

“Quelet, Compf. rend., 198, 102 (1934). 

” Quelet and Anglade. BuU. toe. eAitn., (SjS, 2200 (1936). 

” Quelet and Allard, Bull. toe. cAim., 1^4, 620 (1937). 

»« Quelet, toe. ehtm . 14) #3, 510 (]93». 

“Quelet, Cimipf. rend., 196. 1411 0933). 

“ Quelet, BuU. toe. cAim . [51 1, 539 (1931). 

" Quelet. Bu«. toe. ehim., [5) 1, 9<H (1931), 

“ Quelet and Allard. Compt. rend , SW, 238 (1937). 
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washed with water and then with dilute sodium bicarbonate,* dried over 
calcium chloride, and fractionally distilled. After the c.xccss benzene 
has been removed there is obtained 200 g. (79%) of benzyl chloride; b.p. 
70° (15 mm.). 

There are also produced about 12 g. of p-x'yljdcne dichloride, m.p. 
100°, and a small amount of diphcnylmethanc. 

Although the reaction usually is carried out with zinc chloride as the 
catalj"st, sulfuric acid and aluminum chloride have been used also. 
These catalysts are sometimes objectionable because they tend to favor 
the formation of diphenylmethane derivatives. For the chloromethyla- 
tion of compounds which do not react readily, stannic chloride has some- 
times been found to be a superior catalyst.^’ The use of stannic chlor- 
ide as the catalyst is exemplified by the preparation of 2,4,G-triisopropyl- 
benzjd chloride. This method is interesting also because clilorometh}’! 
ether is used in place of formaldchj’de or paraformaldehj'de. 


Chloromethylation of 1,3,6-Triisopropylbenzene ® 


_/ 

(CH3)5CH-<^^ 

\ 


CHfCHj). 


-f CHjOCHjCl > 


CH(CH3)o 


CH(CH3)! 


/ 



(CHjIiCH-h^ ^^CHoCl + CH 3 OH 


\ 


CH(CH3)2 


The chloromethj’l ether is prepared by the method of Rej'schuler.?” 
Three hundred grams of paraformaldeh 3 'de and 400 cc. of methanol are 
mixed and cooled. A rapid stream of hj-drogen chloride is passed through 
the mass until two laj’^ers form and all the paraformaldehj’de has dis- 
appeared. It is necessarj' to keep the mixture cool to prevent the forma- 
tion of meth 3 dal. About 300-400 g. of lydrogen chloride is required. 
The upper la 3 "er is separated, dried over calcium chloride, and fraction- 
ated several times. The product boils at 57-59° and is about 90% pure. 
By washing with concentrated h 3 ’drochloric acid, it is possible to obtain 
a product which is 95% chlorometh 3 'l ether. 


* It is absolutely necessary to remove all the zinc salt by the tvashings. Without this 
precaution the product almost completely resinifies during the distillation period. 

” Sommelet, Compt. rend., 157, 1443 (1913). 

Reyschuler, Bull. soc. chim., [4]1, 1195 (1907). 
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A mixture of 300 g. {1.-17 moles) of 1^,5-tribopropylbenzeue* and 
200 g. (2.5 moles) of chloromcthyl ether is diluted with COO cc. of carbon 
disulfide and cooled to 0°. To this solution is added, over a period of one 
hour, 120 g. (0.4G mole) of stannic chloride. Tlie reaction mixture is 
stirred during the addition and for one hour afterward. It is poured on 
ice, and the organic layer is separated and dried over calcium chloride. 
Removal of the solvent and distillation of the residue in vacuum gives 
the benzj'l chloride in yields of 300-315 g. (8I-S5%); b.p. 129-130® 
(4 mm.). 

The chloromcthylation of highly alkylated benzenes generally can be 
accomplished without any calalj’st. It is suflicient to treat the hydro- 
carbon with a mixture of formaldehyde and concentrated h 3 'drochloric 
acid.’’* Tlic chloromcthylation of p-xj’lenc, for example, is conducted in 
the following manner. 

ChloromethyUtion of ^Xylene * 


ClIjCl 



cm.c’^ 


II lit 

One mole of the hj’drocarbon is mixed with an equal weight of 37% 
formalin (1.3 moles of formaldehyde) and fi\’e times its weight of concen- 
trated hydrochloric acid. The mixture is stirred at GO-70® for seven 
hours, during whicli time a stream of hydrogen chloride is introduced. 
The resulting oil is taken up in ether, and the solution is dried. Distilla- 
tion gives lOOg of a fraction which is chiefly 2, S-dimethjibenzji chloride 
(I) ; b p. 103® (12 mm.). A second fraction, amounting to about 10 g., 
consists mainlj’ of a ’-dichlorodurcne (II); m p. 133°. A very small 
amount of a * a ’-dichloroprehnitene (HI) (m.p. 08-70°) also can be 
isolated. 

The chloromethylation of naphthalene has received much attention. 
Although, by the use of petroleum ether in the Blanc method, the reac- 

>mpany product. Alkaxecs-13. waa used. 


The Dow ChemicaJ C< 



70 CIlI.OnOMETnyi.ATIOX OF AROMATIC COMPOUNDS 

tion pivcK yields of 30% of Iho theoretical amount,” other methods have 
been found to be more useful. Darzeas and L<f-vy and, more recently, 
Rugpli and liurckhardt,’' Jone.s," Ficser and Xovello,” Fieser and 
Gales, and Cambron have obtained the chlororncthyl <lerivative by 
us'mg a large amount of glacial acetic acid n.« a .‘••olvent for the hydro- 
carbon. Cole and Dodds preferred to cariy out the reaction in an 
aqucou.« mixture with .=ulfurie acid ns the entaly.st. 

Tlie procedure of Cambron is as follows. 


Chloromethylation of Naphthalene “ 

A mi-xture of 2S8 g. (2.25 molc.s) of the hydrocarbon, 90 g. (3 molc.s) of 
paraformaldehyde, 2.50 g. of glacial acetic acid, 2S0 cc. of concentrated 
hydrochloric acid, and 135 cc. of .syrupy phosphoric acid i.s heated, wth 
efficient stirring, at 98-100° for four and one-half hours. The reaction 
mixture is then poured into 2 1. of cold water. Tlie aquc'ou.s layer i.s 
decanted from the hca\y oih* layer, which is wa.shcd two or three times 
with 2-1. portions of water. After each wa.shing the water i.s removed ly 
decantation. Die oil is filtered to remove the small amount of .solid 
material and di.stillcd under reduced pressure. The jneld of o-chloro- 
methylnaphthalene is 223 g.; b.p. 145-100° (6-8 mm.). Tliis is 56.5% 
of the theoretical j-ield based on the amount of naphthalene used. 

Phenols and their ethers, as has been indicated, react much more 
readily than the hydrocarbons. For anisolc and the methyl cresyl ethers, 
monochloromethylation with 3.5-40% formalin and hydrochloric acid is 
most successful if conducted at 0-15° and without a catalyst. Higher 
temperatures and the presence of zinc chloride favor the formation of 
diphen 3 dmethane derivatives and also dichlorometh 3 -lation products. 
Phen 3 'l esters, h 3 ’drox 3 ^ aldeh 3 -d&s, ethers of h 3 'drox 3 ’ aldeh 3 'des, nitro- 
phenols, nitrophen 3 ’l ethers, and highty alkylated ketones generaU 3 ' 
require mild conditions also. 

An interesting illustration is the lymthesis of 2 -h 3 ’drox 3 '- 5 -nitrobenz 3 'l 
chloride b 3 ' chlorometh 3 'lation of p-nitrophenol. !Meth 3 -lal is used as the 
source of formaldeh 3 ’de, and a little sulfuric acid is added to accelerate 
the reaction. 

” RuggU and BurcMiardt, Helv. Chim. Ada, 23, 441 (1940). 

“ Jones, p. S. pat., 2,212,099 [C. A., 35. 462 (1941)]. 

Fieser and Novello, J. Am. Chem. Soc., 62, 1855 (1940). 

“ Fieser and Gates, J. Am. Chem. Soe., 62, 2335 (1940). 

^ Cambron, Can. J. ReeearcJt, 17B, 10 (1939). 

Coles and Dodds, J, Am. Chem. Sac., 60, 853 (1938). 
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Chlcrometbflation of p-NitropbeaoI 

on 

+ cir,(ocxr,)» + nci 

I 

NO, 

A mixture of 50 g. (0.3G mole) of p-aitrophenol, 650 cc. of concentrated 
hydrochloric acid, 5 cc. of concentrated sulfuric acid, and 76 g. (1 mole) 
of methylal is stirred for four to five hours at 70-72®. During this period 
hydrogen eliloridc is passed into the reaction mLvture. About an hour 
after the reaction is begun the 2--hydroxy-5-nitrobenzyl chloride begins 
to separate. It is removed by filtration after the reaction mixture has 
been chilled, The yield is 40 g (69%). 

Ketones ha^dng mesityl, durj'l, isodurj'l, or other highly alkj'lated 
arj'l radicals undergo chloromethylation in jields of 25 to 88% * The 
procedure emploj-s paraformaldehvde and concentrated hj’drochlorio 
acid, but no catalj'st. Tlie chloromethylation of aeetomcsitylcne gives 
very’ satisfactory results. 


Chloromethylation of Acetomesitylene * 
COCII, COCIU 



A mixture of 40 g. (0.25 mole) of acetomesitylene. 9 g. (0 3 mole) of 
paraformaldehyde, and 150 cc. of concentrated hydrochlonc acid ia 
shaken on a mechanical shaker ovemiglit at room temperature. The 
o’-chloroacetoisodurene precipitates from the reaction mixture in clus* 
tors of almost white needles. These arc removed by filtration and washed 
with water. They are recJ>’stallized from low-boiling petroleum ether, 
then from methanol. 'Ihcre is obtained 40 g. (77%) of pure material; 
m.p. 74.5-75.5°. 



OH 



I 

NO, 
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RELATED REACTIONS 

The expectation that condensations analogous to chloromethylation 
would take place if other aldehj^des or other halogen acids were em- 
ployed has been realized in a number of instances. 

Bromomethylation. By the use of hydrogen bromide in place of 
hydrogen chloride it has been possible to prepare bromomethyl deriva- 
tives.®’ a-Bromomethylnaphthaleney“, benzyl bromide,'’ p-chlorobenzjd 
bromide,® and a ^-dibromo-p-xjdene ® have been made in this waj’. 
Ethyl anisate,’ salicylaldehyde,®® sahcjdic acid,®® and phenjd ether 
also undergo bromomethylation. Darzens states that the method 
is general but that the jdelds are lower than in chloromethyla- 
tion. 

lodomethylation. lodomethylation has been reported bj’’ Sandin and 
Fieser who converted 9-methyl-l,2-benzanthracene (I) to 9,10- 
dimethyl-1 ,2-benzanthracene (III) through the intermediate iodomethjd 
derivative (II). The iodomethjdation was carried out bj’’ treating the 
hydrocarbon vith chloromethyl ether or paraformaldehyde in glacial 



acetic acid solution and then adding hydriodic acid (sp. gr. 1.7). The 
bright yellow iodomethyl compovmd formed in jdelds of 90%. 

This preparation is especially interesting in the light of the failure of 
Badger and Cook to isolate the corresponding chloromethylation prod- 
uct.'*® 

Chloroethylation. By the use of paraldehyde in place of formaldehj’de 
it has been possible to effect chloroethylation. Anisole and its homologs, 
when treated ■ndth paraldehyde and hydrochloric acid, give the corre- 

” TBchunkur and Eichler. Ger. pat., 509,149 [C. A., 25, 711 (1931) ; Chem. Zentr., 102, 
I, 360 (1931)1. 

“ Ger. pat., 114,194 (1900) [Chem. Zentr., 71, II, 928 (1900)]. 

” F. Bayer and Company, Ger. pat., 113,723 (1900). 

" Brunner, Ger. pat., 569,570 [Chem. Zentr., II, 609 (1933)]. 

Darzens, Cornpl. rend., 208, 818 (1939). 

Sandin and Fieser, J. Am. Chem. Soc., 62, 309S (1940). 

“ Badger and Cook, J. Chem. Soc., 802 (1939). 
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spending chloroethyl derivaUves in yields of 40-60%.*^' **' 
synthesis of 4-inethoxy'Ot-chloroetiiylbenzene is an example. 


CHClCH, 


+ CH^HO+HCl 


I 

OCH, 


Xylene also has been cb!oroethylated.<‘ The chloroethyl derivatives 
readilj’ lose hydrogen chloride, yielding the corresponding vinyl deriva- 
tives. Anisole gives a 90% yield of p-vinylanisole accompanied by a 
10% yield of the orlAo isomer.** 

Chloroacetaldehyde can be used also; with anisole it gives cr,/9-di~ 
chloroethylanisole.** 


OCHj 

I 




Chloropropylation. Chloropropylation of anisole followed by dehydro- 
chlorination furnishes a synthesis of anethole.** 



CHClCHtCn, CH=— cncH, 

AnetliBis 

Chlorobutylation. Chlorobutylation of anisole has also been re- 
ported.**' **' *’ By using butyraldehyde, Ducasse ** obtained 2-methoxy- 
5-methyl-a-chlorobutylbenscne in a yield of 30%. Chloroisobutylation 
of anisole has likewise been effected.** 

Quelet, Cempl. rfnd., 199, 150 (1934). 

« Sommelet »nd Msrsiak, Fr. pat.. 787.655 IC. 90. 1185 (1936)]. 

Quelet. BuU. toe. eAtm., [5] 7, 196 (1940). 

" QueUt. BuU. toe. chim., 15] 7, 205 (1940). 

Quelet and AUard. BuH. toe. cAim-. (5] T. 215 (1940). 

<• Durasac, BuU. toe. cAim., [5] 9. 2202 (1936). 
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TABLES OF DATA ON CHLOROMETHYLATION 

The following tables list compounds which have been chlorometh}'!- 
ated, together with the reaction products. References have been given 
to pertinent literature sources. Where available, the per cent jield is 
indicated in parentheses following the reference number. 

The compounds have been arranged, according to the nature of the 
parent substances, in five groups: h3'drocarbons (Table I), halogen and 
nitro derivatives of hj'drocarbons (Table II), phenols and phenyl esters 
(Table III), ethers and thioethers (Table IV), and aldehydes and 
ketones (Table "SO* 



CBLOBOtfETHTUTlOlf OP HtDROCABBOXS 



o-Xylene 

3 ( 69 ), 7 , 29 , 37 , 41 , 60 , 61 






♦ lU'ti’fcniM'H r>0 ^'0 u\>i«'iv»' ou VK 110, 
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TABLE 1— Continued 

Cnr.OTiOMWTHYt<ATioN OK llYDiiooAiuioNa — Continued 
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♦ f»(>-{)0 nppour on p. DO. 

t Virturow in puroutlioncR ludU'ivte tho por coiil ylcUln. 



CHLOROMETHYLATION OF HYDROCARBONS 79 



«ted by Arnold jnd Donna, Am. CMm. Sae.. 



HALOGEN AND NITRO DERIVATIV’ES 


81 



'cn,a 
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* Uofovt'uoi'n MV\U) mnu'Hr ou ]». IH). 

(• FIfturt'p In iMtu'iidiwt'H ladlonto l)u> por oont yk'ldn. 
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TABLE IV 

Cttr-OItOMHTJIV^ATION OP ETIIUnS AND TmOBTIIHUS 
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♦ llofoionccR 50-1)0 uppeur on p. DO. 

i‘ l^Rviren In purcnthcM'S iiuUonto tiio por cent yloWs. 
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INTRODDCnON 

Heterocyclic bases such as pjTridine and quinoline and their derivatives 
react tvith metal amides to yield amino deriA’atives. For e.vample, 
pjTidine is converted to 2'ajnmopyridme by the action of sodium amide; 
an intermediate metal derivative Is formed, and this is h 3 -drol 3 ’zed to the 
free amine. (This reaction was discoA'ered by Chichibabin * in 1914.) 



•The Chichibabin Reactions. 

^ Chichibabin an6 Scidc. /. Ffiys. CAcha. Sec . t6, 1216 11914). 

91 



92 AMIXATION OF HETEROCYCLIC BASES BY ALKALI AMIDES 


It has been suggested -• * that the initial step in the reaction is the 

addition of the metal amide to the — CH=N — group; the resulting 
product is then transformed to the metal derivative of the amine, either 
through intramolecular rearrangement or through decomposition to the 
amino compound and sodium lu'dride which interact to give the metal 
derivative. 



Xa 


This mechanism accounts for the formation of small amounts of 4- 
aminopj’ridine (b 3 ' 1,4-addition) and for the lack of formation of the 3- 
isomer, E■^^dence of the formation of an unstable addition product has 
actuallj' been obtained for quinoline.® 


THE SCOPE AND LIMXTAnONS OF THE REACTION 

The study of the amination of molecules containing the — CH==N — 
group has been confined almost entireh’ to the heteroej-clic compoimds. 
The few Schiff ’s bases (which also contain the — CH=X — group) which 
have been aminated in this wa 3 ' have given 3 'ields of 20% or less ^ 
and the products are more readil 3 ’ S 3 -nthesized b 3 - other methods. Of the 
heteroc 3 'clic bases onl 3 - p 3 -ridine and quinoline and their derivatives ^ve 
Eatisfactor 3 ' results; amino derivatives of other heteroc 3 -clic bases such as 
P3Tazines, p3Timidmes, and thiazoles are not obtained readil3' b3' this 
reaction (see table). The amino derivatives of p3Tidines and quino- 
lines, which are ver 3 ' difEcultl 3 - available b 3 - other methods, are obtained 
directb' in 3 -ields ranging from 50 to 100% b 3 ' the use of alkali 
amides. 

The more common methods of preparing aromatic amines, such as the 
reduction of nitro compounds, are generaIl 3 -^of little value because of 
the difficulty in obtaining the desired intermediates. For example, 
nitration of pyridine with nitric acid is unsuccessful, and nitration with 
nitrogen peroxide (NOo) gives a 10% 3 -ield of 3-nitrop3'ridine.® Other 
methods of s3'nthesis of aminop3Tidines and aminoquinolines are illus- 
trated in the following scheme. 

* Seder and Zeiser, Ber^ 63, 184S (1930). 

* Kirsanov and Ivaschenio, Bull. soc. dnm., 2109 fl935). 

* lursanov and Polyakova, Bull, toe. [5] 3, IGOO (1936^ 

^ Bergstrom, J. Org. Chem., 2, 41 1 (1937). 

® SHomi^n and Topchiev, Ber., 69, 1874 (1936). 
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Tlie synthesis of 2-nminop5’ridine from the hydroxy derivative,'' as 
indicatexi above, results in over-all yields of lcs« than 50%, and both this 
procedure and that involving the Hofmann degradation * arc long and 
tedious. Tlie latter method U useful, however, for the preparation of 
3>flminopj-ridine5, which cannot be obfalncxl by direct amination. The 
eynthesis of 2-aniinoquinoliac derivatives from the alkali sulfonates is a 
convenient method when the corresponding 2-chIoro derivatives are 
available.* By contrast with these methods, the direct araiaation 
process is a convenient and economical one. 

Tlie ca.«o with wiiicli a subititutcxl ba.ee urtdorgocs amination is 
affected by the nature of the sulxtitutcnts. When 2-allc>dpyridinea are 
treated with alkali amides in liquid ammonia, the only reaction observed 
is the formation of the salt of the cnamic modification,** but in hydro- 
carbon solvents at higher temperatures the 2-alkyl-C-aminop>Tidmes are 
produced.” 



If both the 2- and G-positions arc occupied by alkyl groups, the amino 
group is forced into the 4-po6jtion- Hius, 2,(>-dhnethy)pyridine and 
sodium amide in boiling xylene form 4-amino-2,(>-dimethylpyridine.'* 

’Fargher and Furnws, J. Ch<m. Soe., 10T.690 (18X5). Uath, Ger.pat.. 610, 432 (1930). 

• Camps. Arch. Pharm.. 340. (1903). 

• Zer«-eck and Kunie. U. S. pat.. 3.0S8.69I a937);G«». pat- 615,184 (1936). 
Bergstrom, J. An. Chen. See.. S3, 4005 (1931). 

" Seide, J. Puis. Phys. Chen. See., 80, 631 (1930). 

*’ Chlchibabin, J. Russ. Phys. Chtm. See., 47, 835 (1915); CliichibabiQ and Vidonova 
J. Ruii. Phys. Chen. See.. 83, 238 (1921). 
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-f MXH: 


XHAI 



+ H- 


A study has been made of the effect of various substituents on the course 
of amination of the quinoline nucleus in liquid ammoniad^ In this 
solvent good jrields of aminoquinolinas are generally obtained, but, if an 
alia*! group is present in either positions 2 or 4, then salt formation 
occurs unless more ^dgorous conditions are employed. For e.vample, 4- 
methylquinoline is converted to 2-amino-4-methylquinoline vrhen the 
reaction is carried out in dimethylaniline at 120°,*’ but none of the 
product is obtained when the reaction is attempted in liquid ammonia 
at 20°.^® It might be expected that other salt-forming groups, such as 
amido, amino (aromatic), carboxjd, eth^myl, h 3 ’droxyl, imino, isonitroso, 
and active methjdene groups, would exert the same effect on amination. 
This is not alwaj’s true. Thus, a carboxj-1 group in the 2- or 4-po5ition 
actually increases the rate of the reaction and improves the jdeld.*^ 2- 
Aminoquinoline-4-carbo.vj'lic acid and 4-aminoquinolme-2-carbo.xyIic 
acid are obtained in jnelds of 70 and 81% respectiveh' from the corre- 
sponding acids, potassium amide, and potassium nitrate in liquid am- 
monia; rmder the same conditions, 2-aminoquinoline is obtained from 
quinoline in only 50% jrield.’^ On the other hand, an amino group in 
position 2 of quinoline prevents the amination, as does also a hj-droxjd 
group in either position 2 or 8.^ 

"When a sulfonic acid or metho.xyl group is present in the 2-po5ition of 
quinoline, it is replaced bj- an amino group bj- the action of potassium 
amide in liquid ammonia.^ 



Ordinarily the amination of pyridine and its derivatives can be 
controlled so that onlj' one amino group is introduced. For example, 
from the reaction of pyridine with sodium amide in dimethvlaniline 
at temperatmes below 120% 2-aminop\Tidme is obtained in jdeids of 
about 75% ; a sm all amount of the 4-isomer may or may not be formed, 

^ Bergstroia, J. Org. Chem., 3, 233 (193S)- 
LcSer, Trapnblished observatioxis- 
Bergstroni, J. -in. Chem. Soc,, 53, ^)27 (1931). 

Scheiiag A.-G.. Ger. pat., 663^91 (193S). 
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depending on the quality and quantity of the sodium amide 
used.**- ”• •*' *» By increasing the amount of the amide and operating 
at temperatures near 170°, either in dimethylaniline '• or in the absence 
of a solvent,*^ 2,6-diaminopyridine fa obtained as the major product; a 
small amount of 4-aininopyridine is formed at the same time, but 2,4- 
diaminopyridino has not been isolated. 2,4,6-TriaminopjTidine is 
formed only at high temperature and in the presence of a large excess of 
the metal amide.’* 

When quinoline is treated nnth potassium amide in liquid ammonia, 2- 
and 4-aminoquinolines are formed in the ratio 5: 1. Substitution of 
barium amide for the potassium amide prevents the formation of the 
4-isomer.* It is probable that a similar result is not to be expected if the 
reaction is carried out in solvents other than liquid ammonia. 

Secondary reactions, in wliich the alkali salt of the aminoheteroeyelic 
base acts as an aminating agent, are sometuncs observed. TIius, dipy- 
ridylajnine has been isolated as a by-product in the preparation of 2- 
aroinopyridine.** 



Quinoxoline is converted to ftuorubin by potassium amide.*®’ *’ 



The only recorded attempt to produce a secondary amine by the reac- 
tion of substituted alkali amides with hcterocj'clic bases is the reaction of 
sodium phenylamide and pyridine; a small amount of 2-phea3’lamino- 
pyridine was obtained.’ 

Another side reaction that takes place in the amination reaction is 
coupling. Bipj-ridyls are ahva^-s produced in the preparation of amino- 
pjTidincs. Thus, 2,2'-bipyridj-l, 4,4'-bipyridyl and also dihydro-4, 4'- 
bipyridyl have been isolated as by-products in the amination of pyri- 
dine.”' ** These products are often formed in significant quantities 

•'Sires*?. Riw-here. RubfnkofJUe. and CocidinaB. tnii £ng. Chem , 82, 173 (IWO). 

“ Wsbaut *nd Dingemsnw, Rfe. trot, cAim . il. 240 (1923). 

••Ciichibabin and Sejdf. J. Ruft.t'Mgs. Citm. Soc., 80, 622 (1920). 

BerBstrom and Ogg. /. Am. CKen. Sot^ #3, 245 (1931). 
n^fg^troni and CAfm. Rf*. 18, Ifl- (1933)- 

’• Berptrom and Feraelms, CKtm, Ac*.. 18, 156 (1933). 
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■vs’hen hydrocarbon solvents are emploj'cd but their formation is sup- 
pressed when the reaction is carried out in dialkylanilines. 

The coupled products maj' undergo amination if the conditions of reac- 
tion are sufficiently strenuous. For example, 2,2''bipj'iidyl is only 
slightly attacked by sodium amide in boiling toluene but undergoes 
appreciable reaction in boiling xjdene.^ The 4,4'-isomer is more readily 
aminated.-^ 

Similar coupling products are formed from other heterocyclic bases 
and are often the major products of the reaction between metal amides 
and complex heterocyclic substances.^ 


EXPERIMENTAL CONDITIONS 

Direct amination is usuall3' effected bj' treating the heteroc3'clic base 
vith an alkali amide in the presence of a solvent. Potassium nitrate is 
often used to accelerate the amination of quinoline and its derivati^'es 
(see p. 100). The e.xact manner in which it functions is unknown but 
appears to be related to the o.xidizing capacit3’ of the nitrate ion. 

The Alkali Amides. AIan3' patents have been granted and much has 
been written about the preparation and properties of various metal 
amides, particularl3' of sodium amide.^ In the selection of the proper 
amide for an3' amination, the character of the compormd to be aminated 
and the 13136 of solvent to be used must be considered. On a manu- 
facturing scale, the fact that sodium amide is much less expensive than 
other metal amides ma3' be the determining factor. 

Certain precautions must be rigorous^' obseiwed in the handling of 
any metal amide. Alost of the knowledge of this class of compound has 
been gained from the stud3'^ of sodium amide, because of its wide use. It 
is especiall3^ important that the alkali amide be freshl3' prepared for each 
reaction. This is necessary, not onl3' from the standpoint of the repro- 
ducibilit3^ of the experimental results, but also for reasons of safet3^ It 
has been shown a number of times ^ that alkali amides react with the 
oxygen, carbon dioxide, and water of the air to give dangerousl3' explo- 
sive mixtures containing the h3-droxides, carbonates, and nitrites. A 
patent has been granted to Ziegler-* for the preparation of a homo- 
geneous paste by grinding an alkali amide with several times its weight 

“ Tjeen Wniiiit, Jr., and Wibaut, i?ec. frar. chim., 54, 2S1 (1935). 

**Horster3 and Dobm, Ger. r>at., 393,204 (1924). 

“ ChicHbabin and Zafzepina, J. Rues. Phyt. Chem. Soc., 50, 553 (1920). 

Cbichibabin and ShchuHna, J. Rutt. Phyi. Chem. Soc., 62, 1189 (1930). 

^ For a rerie-K-, "The Chemistrr of .Mk.-Ji Amidee,” see (q) Bergstrom and Femdhis 
Chem. Ret., 12, 43 (1933) ; (5) BerEStnom and Femelius, ibid., 20, 413 (193T). 

** Zie^er, Ger. pat., 001,047 (1934). 
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of an inert liquid such as benzene. It is reported that such a paste can be 
handled and transported with safety. Even when stored under a dry 
hydrocarbon, an alkali amide should be carefully protected from the air 
and samples which dcwlop a yellow or green or darker color should be 
discarded. 

Sodium amide is employed in most aminations except those in which 
liquid ammonia is used as the solvent. Because of its insolubility in 
liquid ammonia, it is inferior to potassium or barium amide, both of 
which are soluble. Wibaut and Dingemansc “ found that an especially 
pure sodium amide ** failed to react with pyridine under conditions 
which were very satisfnctoiy when a commercial grade of sodium amide 
was^^od. — -’niia''and other reports indicate that the amination is influ- 
enced by impurities, probably tlie substances used os catalysts in the 
preparation of the amide (p. 99). 

The Solvent. Various hydrocarbons (such as benzene, toluene, xylene, 
cumene, mcsitylene, and petroleum fractions), dimethylaniline, diethyl- 
aniline, and liquid ammonia have been used as solvents. The amination 
of pyridine in the absence of a solvent b also successful.” With quino- 
lines and isoqulnolines good yields are obtained in liquid ammonia solu- 
tion,*' ” but, since the reactions must bo carried out at room tempera^ 
turo or above, special apparatus must bo used to prevent the develop- 
ment of dangerous pressures due to the hydrogen evolved. The yield 
of 2-aminopyridine obtained in reactions employing liquid ammonia as a 
solvent is less than 30%. By the rise of hydrocarbon solvents such as 
toluene, yields as lilgli as 80% of this product have been reported;*" 
however, it has been the general experience of several workers ” that 
the pure material is usually obtained in yields of 50% or less. 

The introduction of dialkylanilincs '*• *‘ as solvents has greatly in- 
creased tile practical value of amination of pyridine and its homologs. 
For example, 2-aminopyridinc is obtained in 70-80% yields from pyri- 
dine and sodium amide in dimctbylanilinc at 90-115°, and 2,6-diamiiio- 
pyridine in yields of 80-90% at 160-180°.'* It is probable that the value 
of dimethylaniline and diethylanillnc “ depends on their solvent action 
on sodium amide and on the sodium amide-pyridine addition compounds. 
Unfortunately, the investigation of these solvents in aminations of 
heterocyclic bases other than pyridincs has been very limited. 

Temperature. An amination should be carried out at the lowest 
temperature which Viill promote the desired reaction. In monoamina- 
rions f/its IS usuaWy the ieiaperstare st which a steady evidutha of 

*» Titkeriey. J- Chtm. Soe.. 65, 604 (18M). 

Ger. pat., 47C,45S 11929). 

OBtioiuialenaky. /. Am. CAam. Boe.p 56, 1713 (1934). 
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hj’^drogen occurs. Temperatures higher than necessar 3 ’^ arc to be avoided 
because of increased diamination, coupling, etc. For the preparation of 
monoaminopyridincs the temperatures reported are usually in the range 
of 100-150°. Aminoquinolines have nearly ahvays been prepared in 
liquid ammonia at room temperature. 

Mole Ratio. In the preparation of monoaminopyridine in the prc.sence 
of dialk 3 'lanilines, the alkali amide is u.scd in about 25% excess over the 
theoretical amount.*'’ In the older experiments using hj-drocarbon 
solvents the ratio of amide to pjTidine was usuallj' 2:1, and because of 
the large excess of amide there was often pronounced conversion to 
diamino derivatives and coupled products. In the amination of pjm'dine 
•R'ithout a solvent, it is recommended that the amide be u.sed in the 
amount theoreticallj' required for the introduction of the de.sircd niunbcr 
of amino groups.*' 

General Precautions. The reagents and apparatus emploj'ed should 
be dried. In laboratory' preparations it is advisable to use the alkali 
amide in the flask in which it is prepared, thus avoiding possible exqro.sure 
to the air in transferring the material. Apparatus should be carefully 
washed -nith alcohol or dilute aqueous sodium hj'droxide, after the reac- 
tion Is complete, to prevent the formation of explosive mixtures from any 
remaining alkali amide. 

EXPERIMENTAL PROCEDURES 
Preparation of Sodium Amide 

Sodium amide Ls prepared on a commercial scale by the action of dry 
ammonia on molten sodium at 350°. Because of the slowne.ss of the 
conversion, various catalj’sts, .such as .sodium hj'droxide, sodium oxide, 
and oxides of chromium or related metals,^^ are usTially added, and 
samples of the commercial material may be expected to contain van'ing 
amoimts of one or more of these substances. 

The procedures described in Organic Syntheses^ and Inorganic 
Syntheses,^ involving the use of gaseous ammonia and molten sodiiun, 
are quite adequate in detail and are satisfactorj’- when large quantities 
of the amide are desired. However, for use in ordinarj' laboratory' opera- 
tions, the amide is more conveniently prepared bj' the liquid ammonia 
process described below. This method ha.s the fxrrther advantage of 
allowing the amination to be carried out in the same flask in which the 
amide is prepared. The method may also be adapted to the preparation 
of small amoimts of potas.sium amide. 

” Bergstrom. Org, SynUte^e^t 20, SG (1940). 

— ZJennis and Brown, Incrrg. Syrdliezcz, 1, 74 (1939). 
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Procedure.*^ A 50O-cc. thrcc-nccfccd flask is equipped with a gas- 
(igiit mechanical stirrer, a bubbling tube, and an outlet tube attached 
to a n-ido-borc soda-lime tube. Appnaimatcly 250 ec. of liquid ammonia 
from a tank is collected in the flask, and 0.15 g. of ferric nitrate (anhy- 
drous or liydratcd) is added. About 0.5 g. of clean sodium is then added, 
and after it has dissolved the solution is stirred and dry air is slowly 
bubbled in until the blue color has disappeared. The oxide so formed 
acts as a catalj’st in the subsequent reaction. The bubbling tube is 
removed and 11.5 g. (0.5 atom) of dean sodium is added to the stirred 
solution in portions sufficiently small to prevent vigorous reaction. The 
mbeture is stirred for fifteen to twenty minutes after the addition of the 
sodium is complete. 

If the amide is to bo used in a solvent other than ammonia, the 
ammonia is allowed to evaporate while tlie new solvent is slowly added 
from a dropping funnel. If the dry amide is desired, the product maybe 
freed from ammonia by evacuation at lOO®. In any e^'ent, sodium 
amide prepared by this method must be used immediately Because 
of its divided condition and the presence of oxides, it rapidly 
clianges to explosive substances. 

PrepaxadoQ of 2-AininopyTidine ’<• “■ “ 

Tho flask containing the suspension of sodium amide in liquid ammonia 
(preceding paragraph) is fitted nith a small dropping funnel, and i5 co. 
of dry dimethylaniline is added cautiously, tho ammonia being allowed 
to escape through the soda-Ume tube. After all the ammonia has been 
driven out, the soda-lime tube is removed and a dry vertical condenser, 
protected by a calcium chloride tube, is attached. The mbeture is stirred 
and 31.6 g. (0.4 mole) of dry p3"ridine is added through the dropping 
funnel. The funnel is then replaced by a thermometer which dips into 
the reaction mixture. Tlie flask is heated ia an oil bath, the temperature 
of the reaction mbkture being maintained at 105-110® until the evolution 
of hydrogen has ceased. Hydrogen is produced rapidiy at first, as shown 
bj- the continuous stream of bubbles obser%-ed when a rubber tube con- 
nected to tho calcium chloride tube is dipped under water. After eight 
to ten hours the formation of hydre^en is negligible. Near the end of this 
period it may be necessary to discontinue the stirring because of the 
formation of a solid cake in the reaction flask. 

^STicn the reaction is coraidete, the mixture is cooled and 5% aqueous 
sodium hj-droxide solution (about 75 cc.) is gradually added until (he 
vigorous decomposition has stopped. Water (about 300 cc.) is then 

Vaughn, Vogt, ftnii Nieuwiand, /. jtm. dm. iSoe^ SB, 2120 (1934). 
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added to complete the hj'drol\=is of the soditim salt. The mixture is 
extracted -with 75 cc. of petroleum ether (b.p. 30-60°) to remove the 
dimethj-lanilme; if necessai^^ more water may be added to assist in the 
separation of the layers. The aqueous solution is cooled to 15°, satu- 
rated with solid sodium hydroxide, and e.xtracted several times with 
benzene. The combined benzene extracts are dried over anh 3 'drous 
Eodiiun sulfate, and the residue from the distillation of the solvent is 
distilled under diminished pressure. The product boiling at 117-120°/36 
mm- wei^ 23-28.6 g. (66-76%). The residue consists of 4,4'-bip3Tidyl, 
2,2'-dipyridylanime, and other imidentified products.^' 

Preparation of 4-Amino-2-phenylquinoline “ 

In leg A of the two-legged tube (Fig. 1) are placed 1.05 g. (0.027 atom) 
of potassium and 0.02 g. of ferric oxide. Tube C is closed with a stopper, 
and legs A and B are sealed oS as indicated by the dotted lines while a 



stream of ammonia is pased in through the stopcock. Through tube C 
1.83 g. (0.0089 mole) of 2-phen3-lquinoline and 1.61 g. (0.016 mole) of 
pota^um nitrate are introduced into leg B. Tube C is then sealed off 
as indicated. At intervals ammonia is condensed in leg A, by cooling A 
in a solid carbon dioxide-acetone bath, until the rapid conversion of 
potassium to potasimn amide is complete. Hydrogen is occasionally 
vented during this operation. Ammonia is then condensed in the appar- 
atus tmtil 15-20 cc. is present and the contents of the tubes are mixed 
thorou^y by shaking. The apparatus is allowed to stand at room 
temperature, with the stopcock closed, for fotu hours. 

The a mm onia is evaporated from the reaction mixture and the con- 
tents of the tube are rinsed out with ethanol and benzene. Water is 
added to the mixture, and the greater part of the organic solvents is 
removed by dist il lation. The 4-amino-2-phen5'I quinoline which sep- 
arates is collected by filtration. The diy-, nearly pure product weighs 

^ Eer^rtros, J. Orz- 3, 424 (1S3S). 
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1.96 g. (99.7%). After rccrj’stoUisation from benzene or dilute ethanol, 
it melts at 164-165®. 

Runs of larger size should not be attempted in the apparatus described. 
Apparatus for larger runs has been devised.” 

SUMMARY OF AMTNATIORS OF HETEROCYCIIC BASES (TABLE) 

In the tabic arc summarized the nminations of heterocyclic bases 
reported prior to January' 1, IWl. It is passible that many of the yields 
recorded in the table, particularly in connection with preparations in 
which hydrocarbon solvents were used, mi^t be improved by carrying 
out the reactions in dimethylanifinc solution. 

•* Bergstrom, J. Ort. Chtm., 3, 423 (1037). 
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CHAPTER 5 

THE BUCHERER REACTION 
Nathan L. Drake 
University of Maryland 


lUTRODUCnOS . 


Scope 

Conversion of Amines to Hydroxyl Compound* 

Reactions of Primary Axoanea • • _ 

Reactions of Secondary and Tertiary Amines 

Conversion of Hydroxyl Compounds to Amines 

Prenaration of Primary Amines 

Preparation of Secondary Amines 

p„pa,.t.o.(.fS«ondwAi»to..f™Ptim.tyA«me. 

JhTu “ ’raSi'iSS iwuiu A- o..- 

pounds 

SEimcnow or Experimental 


Experimental PBOCEDiniES 

2*NaphthylaJiiino 

7-Methyl-l.naphthylamine . ■ - 

2.p.Tolylamino^hydroxj-naphthalene-7^ulfomcAc.d ^ ^ 

2-(4'-nydroxyplienylamjno)-8-napWliol-&^<’“« « 

phenylamino).r3phthalenfr«^ulfomcAcid . - • 

or co»o™». P»F*»» ” "F 


•= +>,0 rPvcT^Ie coaTCrsion of a naphthylamine 
The Buchercr reaction u the retc ^ 

;rve"dtt7vl“= in^he s>-njea»rf 
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TJIE BUCHEREIl IIEACTION 


in}ne5; in otiicr.' it i= employed for the rever-e trnn^formation, the .=}m- 
thesis of nnjdithylamines from naphthols. 


NH; on 



The second rcnciion has been extended to the s;.mthcsb of certain alkyl- 
and arj'l-aminonapiilhak ne? by the tL<-c of alkyl- and arj-l-amines and 
sodium bisulfite, to the sjmthesis of naphtludhydrazines In' the m-e of 
hydrazine sulfite, and to the sjmthesis of carbazolcs by the use of 
phenylhydrazine and bisulfite, 

;\Jthough Lepetit - v:a.H the first to discover the amazingly easv' 
transformation of naphthionic acid to 1-naphthol-l-sulfonic acid (c-ejua- 
tion 1), Hans T. Bucheror* dbcovered the reaction independently, 
recognized its usefulness, and demonstrated its reversibility. As a con- 
sequence, the name Bucherer has continued to Ijc associated vdth these 
transformations. 

MECHAKI5U 

Studies of the mechanism of the formation of a naphth^-lamine from a 
naphthol, sorlium bisulfite, and ammonia indicate that the reaction 
involves addition of the blsrilfite to the keto form of the naphthol. 



The reaction of the addition product vrith ammonia is similar to that of 
the sodium bisulfite addition product of formaldehyde, rrhich vields 
sodium aminomethanesulfonate.* Compounds similar to the bisulfite 

'-TepeUt, p!i czche-A Xo. S5-S, llsy IC. 1600; BuB. irjl. 325 W<fi} 

’ Frieastder, B^^ 54, 620 (1021). 

* J. ^2] 69, 49 (199^). 

^ Fu*:^ £.'d Htir, JSer^ 55, 655 (1922)- 
Eer.. 59, S59 (1926)- 
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addition product pictured in (3) ha^’e been isolated from hydroquinone,* 
resorcinol,’ phloroglucinol,* disodium 2-naphthol-l-sulfonate,* 2,7- 
diliydroxynaphthalene,’ IjS-dihydroxjTiapIithoIene,^ and many other 
substances.* In some instances the action of bisulfite leads to the intro- 
duction of sulfonate rc^dues in addition to the one on the carbonyl 
carbon.*' *• ’ 

The meclianism of the Buchercr replacement of an amino group by a 
hydroxyl ^roup is avoU illustrated by the behavior of napbthionic acid 
and sodium bisulfite.’ After naphthionic acid has been boiled for some 
time n-ith a 40% solution of sodium bisulfite and the mixture has been 
made acid to Congo paper and boiled to etpel excess sulfur dio-xide, a 
small quantity (ca. 15%) of l-naphlhol-4-sulfonic acid can be isolated. 
Tlie remainder is present as addition product (ef. reaction 3). If thb 
mixture is now made alkaline to phenolpfithalein and boiled, ammonia is 
driven off and disodium l-naphfboM-sulfonate is produced. ^Vhen the 
resultant mixture is again acidified to Congo paper and boiled, more sul- 
fur dioxide is removed and the remainder of the starting material can be 
accounted for as I-naphthoM-suJfooic acid. It is apparent that the 
intermediate bisulfite addition product is quite stable toward dilute acid 
but is readily decomposed by alkali. 

If, after the excess bisulfite lias been decomposed as above, the result- 
ing mixture is heated n-i th excess ammonia, the original naphthionic acjd 
is regenerated. The'papers of Fuchs and co-workers *' *• ’■ *• *• describe 
the properties of a variety of such addition products. 

SCOPE OF THE BUCHBRER REACTION 

The replacement of h5'<iitj\j'l by amino groups, or of amino by hy- 
droxyl groups, is limited practically to naphthalene derivatives and 
resorcinol. Benzene derivatives containmg one hydrox>’l or one amino 
group are much less reacth'c than similar naphthalene denratiies. 
Polyfunctional benzenes react more itswhU', but with the exception of 
resorcinol thej’ Xindergo reactions which arc complicated by secondarj’ 
processes. Ilydroxyanthraquinones do not react. 

Diljydro.xj’ or diamino derivatives of naphthalene in which the sub- 
stituents are in different rings usually undergo replacement of only one 
of the two groups; the second group may, however, be involved to a 
limited extent (c/. behavior of naphthols uith hydrazine sulfite and 

* Fuchs and ClsQW. Brr.. 6J, 23S1 (1»1^ 

» Fuchs and EUner. Ber.. 63, SSd (19JO). 

» Fuebs. BfT., «. a-15 (1921). 

• Woroshtiow. .Bcr.. 62, 57 (1329). 

** Fuchs and Pirat. fffr.. 69. 2«S (1926). 
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hj^drazine, p. 114). For example, 1,5-diaininonaplitlialene, heated 
under reflux with sodium bisulfite solution,® is slowly converted into an 
addition product which, after destruction of the excess bisulfite, can be 
salted out in considerable quantity. This addition product is com^erted 
into l-amino-5-naphthol by heating with alkali. Concurrently with the 
production of this addition product, a small amount of the addition 
product of 1,5-dihydroxynaphthalene is formed, and it, too, can be salted 
out (it is more sparingly soluble than the one premously mentioned). A 
-gmall quantity of free aminonaphthol and dihj' droxynaphthalene as weU 
are formed during the reaction. The total yield of aminonaphthol is 
about 80%. 


Conversion of Amines to Hydroxyl Compounds 

Reactions of Primary Amin es. Both a- and fi-naphthj'lamines can be 
converted to naphthols in practically quantitative jnelds. Addition 
products are first formed, and these are decomposed by treatment with 
alkali, although a varying, usuaU 3 ’' small, amount of the addition product 
decomposes diuing the first stage of the preparation, hlost substituted 
naphthj'lamines (except those having an N-aryl substituent) also react 
within the limitations (hscussed below. Naphthylamine- and amino- 
naphtholsulfonic acids are important dj*e intermediates, and the appli- 
cation of the Bucherer reaction to these compounds has been studied 
extensively. 

The effect of various experimental conditions on the conversion of 
sodium l-amino-5-naphthalenesulfonate to the corresponding naphthol 
has been studied by Kogan,^® who found that the reaction proceeded 
best in a slightty acid solution with about seven moles of bisulfite per 
mole of aminonaphthalenesulfonate. 

The effects of a sulfonic acid group on the replacement of the amino 
group bj" hydroxj’l mas* be summarized as follows. 

(а) A 1,4-relationship of amino group and sulfonic acid group pro- 
motes the reaction. 

(б) A 1,2-, 1,3-, or 2,3-relationship of the same groups hinders the 
reaction. 

(c) A relationship such that the two groups are in different rings has 
little effect on the ease with which the reaction takes place. 

Because of the effect of the position of a sulfonic acid group on the 
reactivity of the amino group, the Bucherer reaction of diaminonaphtha- 
lenesulfonic acids often' takes onl 3 '' one of two possible courses. For 

” Kogan and Mkolaera, J. Applied Chem. (C'-S-SJ?.). 11, Go2 (in French 659) (I93S) 
{C. 32, 7031 (193S)1. 
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example, l,8-diaminonaphthalent-4-suIfonic acid is easily converted into 

NHj OH 

CO 

SO.H 

8-amino-l-nophtliol-J-sulIomc acid, rather than into 8-hydroxy-l- 

naphthylamine-4-6ulfonic acid.* .,j c • i 

Similarly, 1 . 5 -diammonaphtbaleDe-l^Uomc acid yields 5-ammol- 
naphthoM-sulfonic acid. 

N« tTSO» 

NH, so,n 

Hotrever, il the amino group at posiUon I is acetylated, then the ammo 
group in position 5 takes part in the reaction. 

NHCOCn, 


NHi so*n 


NHj SOjH 


SO,U 


Evidently the acetyl group is mmoved >0- 

reaction is complete, „„ the replacement ot an 

The hindermg egeet of “ “goju d g P tthalene- 



acid as well as naphthylaminesulfonic acid arc 

l-ic^ ^ 

*• Dutherer *nd Stohmann. /. pnita PJ”- 
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addition complex and the amine and corresponds to the reaction type 
discussed belon'. 



Reactions of Secondary and Tertiary Amines. N-]\Iono- and ISr,N- 
dialkyd derivatives of naphthylamines can be converted to naphthols b}’^ 
treatment with aqueous sodium bisulfite.^ These reactions frequently' 
take place with greater ease than those of primary amines. In the case 
of the N-monobenzyd derivatives of l-naphthylamine-4,7- and -4,8- 
disulfonic acids the yield of benzylamine varies from 60 to 77%. In the 
case of N-monobemsyd-l-naphthylamine-T-sulfonic acid the yield of 
benzydamine is smaller and the time for conversion longer; one would 
anticipate a ready cleavage because of the activating effect of the sul- 
fonic acid group, but the sparing solubility of the compound hinders the 
reaction. The disulfonic acid, which is more soluble, reacts more readily'. 
Apparently the N,N-dibenzyl derivatives of the same compounds are 
not cleaved at all imder comparable conditions or even by heating in a 
closed container at 125-150°.“ 

Conversion of Hydroxyl Compounds to Amines 

Preparation of Primary Amines. 1- and 2-Naphthols and their deriva- 
tives can be converted into primary amines by' treatment with ammonia 
and ammonium sulfite or by the action of ammonia on their bisulfite 
addition products.^ The effect of substituents on ease of replacement is 
the same as that mentioned above. Hydroxyqrrinolines may be ami- 
nated similarly'.'^ 

Inasmuch as 2-rritronaphthalene carmot be obtained by direct nitra- 
tion, the Bucherer process for preparing 2-naphthydamine and its 
derivatives is of considerable importance. In the preparation of 2- 
naphthylamine from 2-naphthol, reaction begins around 100° but pro- 
ceeds much more rapidly in an autoclave at about 150°.^ Yields given 
range from 88% to “practically quantitative.” ^ Other references to 
2-naphthylamine will be found under CjoHgX in the table of compounds 
prepared by' the Bucherer reaction on p. 122. An advantage of the 
Bucherer method for the preparation of 2-naphthylamine is that the 
process can be carried out at a temperatme such that there is practically 

Bucherer, J. prahi, [2] 70, 345 (1904). 

Bucherer and Sej'dc, J. praH. Cficm., [2) 75, 249 (1907). 

** Worofhtiovr and Kosan, Ber., G5, 342 (1932). 

BeziubcU. J. Chem. Ind. (.Vozcott), 7, OOS (1930; [C. A., 25 . 4545 (1931)]. 
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no formation of 2-2'-(linaphthylainine; 2-naphtliylaminc is filtered from 
the cooled reaction mixture, nnd the mother liquor can be used again.’ 

2,8-DiIiydroxj'nap!ithaIene4>-suIfonic acid, “G acid," is converted to 
2-amincKS-naphtlioI-G-sul/onic acid in SO% yield.* Similarly, 2,5-dihy- 
droxynaplithalenc-7-sulfon5c acid yields 2-amino-5-naphthol-7-sulfonic 
acid, and l,5-dihydrQ\yn3phllialene'7-«ulfonic acid yields l-amino-5- 
naphthoK7-suUonic acid. In these instances the hindering effect of the 
sulfonic acid group causes the reaction to take place in the other ring. 

The behavior of 2-hydroxy^-naphthoic acid in the Buchcrer reaction 
is worthy of note. This acid undergoes decarboxylation bcloiv 100° 
when heated in the pre.'encc of aqueous sodium bisulfite, although the 
acid itself can bo heated in water for eighteen hours at 125° without 
change.'* When heater! with ammonia and ammonium sulfite at 150- 
155° for nine hours it is converted into 2-naphthylamine (07%) and 
2,2'-<Iinaphthylaminc (23%). Tlic bisulfite addition product of 2- 
hydroxy-3-naphtIioic acid is related to a ^keto acid ; the decarboxylation 
is tliercforc to bo c.xpoctcd. Tlie observed “ stability of ethyl 2-hydraxy- 
3*naphthoato toward boiling sodium bisulfite solution is understandable; 
no loss of carl>on dioxide would be expected even though the bisulfite 
addition product of tlio keto form were produced, for d-keto esters are 
quite stable. Buchcrer’a experiments do not prove whether or not the 
bisulfite addition product of the keto ester b formed, but they do demon- 
strate tliat replacement of the 2-hydroxyl group by an amino group docs 
not occur. The hindering effect of the carbethoxy group is thus to be 
oomp.sro{l with the similar influence of the sulfonic acjd group. 

S-lIydroxyquinoline is converted “almost quantitatively” into 8- 
aminoquinolino by heating willi ammonia and ammonium sulfite in a 
closed vc.ssel at 150-100° for six to seven hours.'* 6-Hydi'oxyquinoliiie 
and S-hj'dro.xj’qiiinolinc-f^lfonjc acid are similarly converted to the 
corresponding aminoquinolincs. 

Preparation of Secondary Amines. Conversions of naphthols to 
N-alkyi- or N,N-<Iiiiikyi-rtmiiionnphtjialene3 require more vigorous con- 
ditions tiian am «i’ci'«*<nry for tiic production of primary amines by 
means of nmmoniiv and nininoniiim sulfite. For example, araination of 
l-naphthol-I-siilfonic ncid tnkes place smoothly at 90°, but the substitu- 
tion of mctiiylaminc for niimuinia necrasitatce carrying out the process 
at 150° in im nutoclavc.'* It i« p<r<«iblc in such instances to heat together 
one mole of imphUiol, ono molo of nikylamine sulfite, and one mole of 
alkylainine in nn autoclave at 125-160° until reaction is complete (te.st 
for residual rmphtlioNiil/onic arid), or to propaio the addition product 
from the implithnl and i’xcpih mdium bbulfitc and, after acidification 
*’ Buchcror, Z, Parb. Teit. Chem^ 1, 4T7 (1003). 
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and expulsion of sulfur dioxide bj-- beating, to beat tbe addition product 
with two moles of amine. Tbe excess amine can be recovered in either 
case. Numerous examples of this process invohdng ethanolamine, 
etbjdenediamine, metbjdamine, etc., are to be foimd in tbe patent bter- 
ature.^’' 

The introduction of arylamino residues occurs more readil}' with 
naphthols of the j3-series*^ (see a,lso the next section). l-NaphthoI-4- 
Eulfonic acid does not react with aniline and sodium bisulfite at 100°, but 
2-naphthol-6-sulfonic acid reacts smoothly at this temperatme, jdeld- 
ing 2-phenj^laminonaphthalene-6-sulfonic acid.“’ — The correspond- 
ing 2-phenylamino-8-sulfonic acid has been prepared in a similar man- 
ner.^’ — The jdeld of 34% (reci^'stallized product) obtained after boil- 
ing for nineteen hovns could imdoubtedlj’ be increased by operation at a 
more elevated temperature in an autoclave provided with a stirrer. 


HOj9 





There is vide variation in the tendenc 3 ' of aromatic amines to imdergo 
this reaction. The table below lists a number of common amines in the 
order of increasing reacthfitj" toward ^naphthols. 


Reactivity of Some Aeteamines ix the Bccheeer Amixatiox Peocess^ 
Relatively unreactive Benzidine 

^Naphthylamine 
Aminonaplithol ethers 

Xylidine 

o- and p-Toluidine 


Moderately reactive 


Extremely reactive 


Aniline 
TvPhenetidine 
Sulfanllic acid 
Metanilic acid 
j>-Aminophenol 
p-Phenylenediamine 


Later work^ has shown that aiylamination mav be extended to 

>• Brit. pat.. 249,717 [C. A., 21, 916 (1927) J. 

“ Brit, pat., 436.S05 [C. A., ZO, 2203 (1936)J. 

« V. S. pat., 1.543,569 (C. A.. 19, 2345 (1925)1. 

« Pr. pat., 7S5,707 [C. A^ 30, 15SG (1930)]. 

” Buchcrcr. Z. Fari. Text, Chm., 3, 57 (1904). 

” Euchercr. Z. Peri. Text. Chem., 2, 193 flOOS). 

»= U. S. pat., 2.059,400 [C. .4., 31, 41S (1937)]. 
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l-naphtliols under special conditions. The salt of an ar>’lamtne_^nll react 
at a temperature between 100" and 200" -with a molecular equivalent of 
the isolated bisulfite addition product of a 1-naphthol; the product, an 
ao-laminonaphthalcnc, is formed in Bood yield. The reaction may also 
be carried out in aqueous solution; the bisulfite addition product is pn^ 
pared in the usual way in aqueous medium, escess bisulfite is 
or removed by aeid, the requisite amount of am, ne hydrochloride B 
added, and the misture is heated in an autoclave It to b"” 'to 
gested n- that the intennediate involved m a salt of the addition product 

and the amine. SO,NH.C.n. 


ndthwhichitishemgeonde^. 

does not react rapidly wiUi ^ nap 2,8-aeid is used.“ 

yield is ^“"1 iriU, Jlnaphthols only n-ith extreme 

&, ^:ct micfmtr madlly 

the Buchercr process. -mines in this process. Thus 

It is possible to n»i -“-'‘if “^.^Tsolm bLlfiU, with 2- 
p-rosaniline reacts readily in P rosanilines The exact 

raphthol-li-sullcnic acid to eS^hed. 

constitution of •*'® JP”*”” / ^ ^ ™ups in the naphthol nucleus 

The eSccts of substituent rffomc amd ^ P , 

upon the ease of reaction with an arylamme are 
tioned earlier (p. 108). 

Prepar.aonofSecondm,AminesfromPrin..,yAnnnes 

Ktt «iV«tituted for 2-naphthols in any of the 

2-N.phthyla^cs can j ^thylaniines can be substituted 

st:;h"i; 
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kj'laTnination, The 2-naphthylamines react more easily than the corre- 
sponding naphthols.” Thus l-mctIiylamino-7-naphthol-l-sulfonic acid 
can be prepared from l-amino-7-naphthol-4-sulfonic acid by treatment 
•vsith sodium bisulfite and metlndamine.^ Likenase, 2-(4'-hydroxy- 
phenyIamino)-naphthalene can be prepared from 2-naphthylamine and 
p-aminophenol,-^ and 2-phenylaminonaphthalene-(>-sulfonic acid can be 
prepared from 2-aminonaphthalene-G-sulfonic acid."' 

2---Vmino-8-naphthol-G-sulfonic acid, 2-aminonaphthalene-6,8-disul- 
fonic acid, and 2-amino-5-naphthol-7-sulfonic acid all react in the pres- 
ence of sodium bisulfite nitli p-rosaniline to form substituted rosani- 
lines." 

The process discussed above ma3' be summarized as follovs. 

ArNHi ArXHAr' or ArNRi (R = alkjd or hydrogen) 

or 

B-KH 


It should be noted that no usefid reversal of the Bucherer reaction takes 
place vrhen N-aiyl-2-naphthylamine5 are heated with sodium bisulfite 
solution. 


Reactions Involving Hydrazines 

Arylhj'drazines are formed in the reaction of hydrazine sulfite and 
hj-drazine with naphthols.-^' -• Thus hj'drazines can be prepared 
from 1- and 2-naphthol, and 2,7-dihydro.\5'naphthalene jdelds 7-h3'droxy- 
2-naphth3-lh3*drazme (82%) with a very small amount of dih3'drazme 
under the conditions used.-®* Both hy-droxyl groups of 2,3-dihydroxy- 
naphthalene can be replaced by h3-drazme residues; the 3'ield of crude 
product is about 57%. Sunilarly resorcinol 3’ields ?72-phen3*lenedihy- 
drazine.-^ The latter compound cannot be isolated as such but can be 
obtained as its reaction product with benzaldeh5'de (3-ield 50%). P3T0- 
catechol, hydroquinone, 3,4-diaminotoluene, and salicx-lic acid do not 
undergo the reaction.^'^ It is to be noted that both 1- and 2-naphthols 
undergo this reaction, and that more than one hydrazine residue can be 
introduced readily'. 

Ythen pheny-lhydrazine, sodium bisulfite, and a naphthol (or naphthyl- 
amine) are heated together a rather complicated series of reactions takes 

» Ger. pat., 676,856 [C. A., 33, 7319 (1939)]. 

" Brit, pat., 479,447 [C. A.. 32, 5003 (1938)]. 

^Franzen, Habiliiatwnstd-irifi, Heidelberg (190i). 

(a) Franzen, J. praJd. Chem., 76, 205 (1907) ; (6) 78, 143 (1906) ; (c) 78, 157 (19(K) * (d 
Ber., 38, 2G6 (1905). 

^ Bucherer and Schmidt, J. -praJd, Chem^ (21 79, 369 (1909). 
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pkcc. Tlio process has been carefully stu« by Fuchs and Nisael,- 
who have presented the mechanism shown below. 




Bucherer and co-workers *" ‘ 

eluded that products corr^pond g sulfonic acid 

suKomc acids because of the the 

residues and yielded carbazolcs. ^ by-products. Fuchs 

formation of diamines j _ VH! -» IX - VI can actu- 

proof that the transformations —* naulitliols or 2-hydro\j'-3- 

ally be carried out « makes the ^ac that of naphthyl- 

naphthoic acid with phenylhj . jj^blo. Thus phenylliydrazine 

hydrazines with bisulfite, quite un - a 70% yield of a compound 

and2-hydroxy.3-naphthojcac.drejUoP^ea^^^/^^^^ ^ ,3. 

of type V which is madily for hydrox3-naphthoio 

benzocarbazole.” If -*naph . slue'^ishly and the jaeld of 
acid, the reaction takes place “‘"'b p.Toly!hydrazine 

carbazole is only 4G% after several days at 
yields similar products.” 

“ Fuchs SJid Nissel. Ber.. 60, 403 (190S). 

‘•Bucherer and Scj-dc.J.pra^' • jgj Kigio). 

~ Burhercr and Sonnenberg. /- 1»»^ 
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ring containing the free aromatically bound amino or hydroxyl group 
(directed coupling). For example, diazonium .salts might couple wth 
l,8-dihydroxynaphthalenc-4-sulfonic acid in either the 2- or the 7- 
position. Actually the first mole of diazo compound couples almost 
exclusively in the 2-position. When sodium bisulfite reacts wth 1,8- 
dihydroxynaphthalene-4-sulfonic acid, the ring holding the sulfonic acid 
group is involved (activating influence of the 4-sulfonic acid). The reac- 
tion product couples with a diazo compound to form a substance of the 
follovang structure. 


HO SOsNa 
HO \/ 


ArN=N| 



SOaNa 


'WH'ien this compound is, warmed with alkali, it is reconverted to a dihy- 
droxynaphthalenesulfonic acid. 

OH OH 
ArN=N|^^=^''''^ 

SOaNa 


Thus a directed coupling has been accomplished. This azo compound 
could be again coupled with a different diazonium salt with formation of 
a hfs-azo dye.*“ 


OH OH 


ArN==Ni 



,N=NAr' 


Suitably located amino groups can be diazotized more cleanly in addi- 
tion compounds because the hydroxjd-containing rings are considerably 
less reactme toward chance excess of nitrous acid than those of the parent 
aminonaphthols.*- Azo dyes related to a naphthol can be made sufS- 
cientlj'’ water-soluble as addition compounds vdth bisulfite, even though 
thej^ contain originalb'^ no sulfonic acid group, so that they can be 
applied to the fiber. The combined bisulfite can be removed when the 
d 3 '^e is on the fiber. 


SELECTION OF EXPERIMENTAL CONDITIONS 

Experimental conditions necessarily vary over a wide range. Reac- 
tion may take place at a temperature as low as 90°, or it ma 3 ' proceed 
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MibSactorily only in (!ic neighborhood of 150®. It some of the reactants 
arc only sparingly soluble, intimate mixing of the phases is essential to 
the success of the process. Aminations involving the use of ammonia and 
ammonium sulfite arc ordinarib* conducted in closed vc.sscls at tempera' 
ttiros from IfKhlSO®. Arj'lamination.s mil |5roceocl slowly under reflux 
but take place more rapidly in an autoclave at aI)out 150®. General 
directions for preparation of N-arj-l-2-naphtljylamine derivatives arc 
given by Rucbcrcr.** The requisite 2'naphthol- or naphthylamino-sul' 
fonic acid is tlls.«oIvc<l in a minimum of boiling water and then gradually 
mi.xcd at SO-90® n-ith a narm solution of sodium bisulfite. If a sulfonic 
acitl should be salted out by the mixing, the salt is brought back into 
solution by warming on the water bath. The aromatic amine is next 
added either ns such or as a mixture of the h)-d«5chloride and an equiva- 
lent of aqueous sodium hydroxulc. 

Tlic mixture is then hc.ated under reflux until a titration with p-nitro- 
bcniencdiazonium chloride shows no more decrease in original maphtiiol 
and no increase in product. To carrj' out the test for complete reaction 
a small test portion of the mixture is made distinctly alkaline to phcnol- 
phthalcin and freed of the excess of the amine u.sod as aminating agent 
by steam distillation. Tlic mixture Is then made acid to Congo red with 
sulfuric acid and boiled until alt the sulfur dioxide has been expelled, 
Diazonium salt solution is tiien added dropwise from a calibrated pipet 
until a drop of the mixture on filter papershowa no color in the run-out 
either with the diazonium salt solution or with Schaoffer’a acid (Z-hy- 
drcxj-naphthalcne-fr^ulfonic acid) As soon as this point is reached, 
the precipitated dye is filtered from tlic main test portion and washed 
with a little saturafcxl sodium chlondc solution, the nashings being 
added to the teat portion. Sodium acetate is then added to the test 
solution, and the solution is again titrated with the same diazonium salt 
solution. The ratio of the volume of diazonium salt solution employed in 
(he coupling in acid solution and the volume used in the coupling in 
sodium acetate solution gives the proportion between the newly formed 
amine and the remaining naphthol 

If specific directions for the preparation of tlic desired compound arc 
not available, orientation expenments controlled as above, using rela- 
tively small quantities of material, are necessary in order to determine 
optimum conditions of time, tcnvierature, and proportions of reactants. 

The following examples illustrate both simple amination and aryl 
amination. 
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When a naphthylhydrazine reacts nrith aqueous bisulfite the first reac- 
tion apparentlj' is removal of the hydrazine residue •nrith the formation of 
the bisulfite addition compoimd of the parent naphthol vrhich then 
combines ■with imchanged naphth^'lhydrazine to form a compound 
similar to III. If l-naphthj'lhj-drazine is used, this product is apparently 
stable-^ but is converted b3' treatment -with hot mineral acids into 
l, 2 , 7 ,S-dibenzocarbazole. 



2-Naphthylh3*drazme behaves somewhat difi’erentl3' in that the principal 
products are 3 , 4 , 5 , 6 -dibenzocarbazole and a compound of tv'pe Y. This 
substance loses its sulfonic acid group readil3' to form the corresponding 
carbazole. Experiments have shown that it is possible to prepare the 
t3'pe Y compound from 2 -hydroxynaphthoic acid directl3' b5' treatment 
■with 2 -naphthylhydrazine in sodium bisulfite solution. 1 -Xaphthyl- 
hydrazine also condenses easily ■with 2-hydrox3'-3-naphthoic acid; the 
condensation product (ty]>e Y) is formed in good 3-ield and is readily 
transformed into 1 , 2 , 5 , 6 -dibenzocarbazole 63- the action of mineral acid.” 



l-Xaphthylamine- 4 -sulfonic add and the corresponding naphtholsul- 
fonic acid react readil5' ■with phen3'lh3'drazine in the presence of bisulfite. 
Apparent^’ the reaction proceeds to a t3T)e HI compound; evidence for 
the structure of this compound is its converrion by oxidation in alkaline 
solution into l-phenylazonaphtha!ene- 4 -sulfonic acid. Treatment -with 
hot concentrated hydrochloric add converts the hydrazo compound in 
part into 1,2-benzocarbazole.*^’ 
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During the tmatmcnt iritli acid the nudcarsultoniu acid group is cleaved 

cl phenylhydratine «.d soaum » “ “ -^“"1 
naphthylamine- and naphlholuiuUonic acids b“” " 

Jail Stances SfiSs"! 

the mechanism proposed by Richs an iSeries and 

indicate that reactions compounds (except 1- 

phcnj’lhydrazinc usually proceed only JT® Tnv,» tivdrazo com- 

Lphthol and 1-PWf acU Lo a “arLToie. 

pound can be converted by o^ries proceed to type V com- 

Reactions wliich involve members of -o^dilv cleaved by hydrol- 

pounds from ^-bich the sulfonic carbazoles pre- 

and bisulfite are '““P''-': v„. ,g4i the reactions are complex 

hisulfito and phenylhydraimc, but here agan 

and the nature ol '*'® P'°''""f i-, ii(h a napbtho! (or naphthj-la- 

In general the reaotion of ” place more readily than the corre- 

mine) in the presence of bisulfite ^ nsphthol (or naphthyla- 

sponding reaction “^''’^A.^lel^ling to note that “E acid" (2-naph- 
mine). In this connection vith amines ■■ in the pre^ 

thoM.Ihdisultonic acid), ''^Aindering etiect of the S^uUonie acid, 

rdel““^-« 

j <« ohtftincd from dihydroxy- or diamino- 
BisulBte addition t^e^paration of azo dyes. Those 

naphthalenes can be «“P gj^yp in the aromatic nng of the 

compounds contammg a ^ diazonium salts which couple 

addition complex « cOTplhig the hydroxyl group cm be rc^n- 
in the usual ivay. Atte , jbe ,„ldition product can be converted 

crated by “I'Tbiimlfite »ldition product can be coupled 

into an amine. Obiiousij a activatmg greup 

.. /'k— . 101 33(1920). 

« K6iuir and Haller. J- ^^ 2 ^. /•*-«_ lOS. 277 (1921). 
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ring containing the free aromaticall}' bound amino or hj^droxyl group 
(directed coupling). For example, diazoniiun salts might couple with 
l,8-dihydroxj'naphthalene-4-sulfonic acid in either the 2- or the 7- 
position. ActuaUj’ the first mole of diazo compound couples almost 
exclusively in the 2-position. When sodimn bisulfite reacts with 1,8- 
dihj'droxj-naphthalene-A-sulfonic acid, the ring holding the sulfonic acid 
group is involved (activating influence of the 4-sulfonic acid). The reac- 
tion product couples with a diazo compound to form a substance of the 


following structure. 


HO SOsXa 
HO \/ 


ArX=A* 



SOaXa 


TSTien this compound is warmed with alkali, it is reconverted to a dihy- 
droxjmaphthalenesulfonic acid. 

OH OH 

ArX=N 

SOjNa 



Thus a directed coupling has been accomplished. This azo compound 
could be again coupled with a different diazonium salt with formation of 
a bis-nzo dye.“ 



SOzNa 


Suitably located amino groups can be diazotized more cleanly in addi- 
tion compounds because the hydroxj'l-containing rings are considerably 
less reactive toward chance excess of nitrous acid than those of the parent 
amiDonaphthols.i^ Azo dyes related to a naphthol can be made suffi- 
ciently water-soluble as addition compounds with bisulfite, even though 
they contain originally no sulfonic acid group, so that they can be 
applied to the fiber. The combined bisulfite can be removed when the 
dj'c is on the filler. “ 


SELECTIOK OF EXPERIMENTAL CONDITIONS 

Experiment.al conditions necessarily varj- over a vide range Reac- 
tion may take place at a temperature as low as 90 ^ or it may proceed 
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satbfactorily only in the neighborhood of 150°. If some of the reactants 
are only sparingly soluble, intimate mixing of the phases is essential to 
the success of the process. Aminafions involving the use of ammonia and 
ammonium suIfiteareoTdiaarilycondurffdinoJosed vesseisat fempera- 
tures from 100-150°. Ai^'laminations nill proceed slonly under reflux 
but take place more rapidly in an autoclave at about 150°. General 
directions for preparation of N'ar5'I-2-naphthylamme derivatives are 
given by Bucherer.*' Tlie retjuisite 2-napfithoI- or naplithylamine-sul' 
fonic acid is dissoh*ed in a minimum of boiling water and then gradually 
mixed at 80-90° xsnth a warm solution of sodium bisulfite. If a sulfonic 
acid should be salted out by the mixing, the salt is brought back into 
solution by warming on the water bath. The aromatic amine is next 
added either as such or as a mixture of the hydrochloride and an equiva- 
lent of aqueous eodium hydro.vide. 

The mixture is then heated under reflux until a titratiori with p-nitro- 
benzenediazonium chloride show's no more decrease in original naphthol 
and no incrcaso in product. To carrj' out the test for complete reaction 
a small test portion of the mixture is made distinctly alkaline to phenoU 
phthalein and freed of (he excess of (he amine used as snunating agent 
by steam dbtjllation. The mixture is then m.ade acid to Congo red with 
sulfuric acid and boiled until all the sulfur dioxide has been expelled. 
Diazonium salt solution is then added dropwise from a calibrated pipet 
until a drop of the mixture on filter paper shows no color in (lie run-out 
either with the di.azonium salt solution or with Scliaeffer’s acid (2.hy- 
drox^-naphthalone-G-sulfonic acid). As soon as this point is reached, 
the precipitated dye is filtered from the main test portion and washed 
with a little saturated sodium chloride solution, the washings being 
added to (he test portion. Sodium acetate is then added to the test 
solution, and the solution is again titrated with the s.ame diazonium salt 
solution. The ratio of the volume of diazonium salt solution employed in 
the coupling in acid solution and the TOlume used in the coupling in 
Sodium acetate solution gives the proportion between the newlj' formed 
amine and (he remaining naphtliol. 

If specific directions for the preparation of the desired compound are 
not available, orientation experiments controlled os abox’e, using rela- 
tively small quantities of material, are necessary in order to determine 
optimum conditions of time, temperature, and proportions of readmits. 

The following e.xamplcs illustrate both simple amination and arj-l 
animation. 
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EXPERIMENTAL PROCEDURES 
Preparation of 2-]Sraplitliylainine 

One iiundred forty-four grams (1 mole) of 2-naplitliol is placed in a 
suitable pressure vessel together with a solution of ammonium sulfite 
prepared by passing sulfur dioxide into 400 cc. of cooled, concentrated 
ammonia (sp. gr, 0.90) until 100 g. of gas has been absorbed. An appar- 
atus such as that employed for high-pressure hydrogenation ivill sen-e; 
it is essential that provision be made for shaking or stirring the reaction 
mixture. The autoclave is closed and heated at 150° with continual 
shaking or stirring for eight hours and is then allowed to cool with shah- 
ing. 

The reaction mixture is removed from the autoclave, which is rinsed 
with about 500 cc. of water. The product is filtered on a Buchner funnel, 
and the crude material is dissolved in a boiling mixture of 150 cc. of con- 
centrated hj'drochloric acid and 400 cc. of water and then diluted with 1 1. 
of water. Ten grams of Norit is added, and the mixture is boiled for 
five minutes. After filtration (heated funnel) from any undissolved 
dinaphthylamine, the product is precipitated by pouring the hot solu- 
tion with stirring into a solution of 120 g. of sodium hj’droxide in 500 cc. 
of water. The resulting slurrj', which should be alkaline to phenol- 
phthalein, is cooled with stirring to 20°, filtered, and washed with 2 L of 
cold water. 

The product is dried to constant weight at 50°. It is a fight tan 
powder and weighs 135-137 g. (94-96% of the amount theoretically 
possible). The product melts at 111-112°. 

Preparation of 7-Methyl-l-naphthylamine 

A mixture of 50 g. of 7-methyI-l-naphthol, 150 cc. of water, 75 cc. of 
freshh' prepared aimnoniiun sulfite solution (prepared from aqueous 
ammonia [sp.gr. 0.90] and sulfur dioxide), and 75 cc. of aqueous ammonia 
solution (sp.gr.0.90) is prepared in a 35-mm. Pyrex tube approximately 
400 mm. in length. The tube is carefully sealed and heated in an elec- 
tricallj' heated furnace constructed of iron pipe and attached to a shaking 
machine. 

The furnace is heated to a temperature of 160-165° as recorded by a 
thermometer imder the resistance wire, and the furnace and its contents 
are shaken at this temperature for thirty to thirtj’-five hours. The shaker 
is then stopped and the furnace allowed to cool to room temperature 
before it is opened. 

Razicka and MorRcIi, HcU. Chim. Ada, 19. 377 (1930). 

“Howard, Ph.D. thesis. University of Maryland, p. 25 (1935). 
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Tlic contents of the tul>e are catnictcd with tlm-c 250-ce. portions of 
ether; the extracts are combinwl and extracted with 10,o hydrochloric 
acid until a small test portion of the last extract pves no precipitate of 
amine when made alkaline with lOTo aflueotis sodium hj roxi e. lo 
extracUs are made alkaline with 10% aqueous sodiiim hydroxide, 
upon the amine precipitates and U filterwl and dried m xacuum. le 
yield H dO-15 g. (SO-«)'“a. Tlip tombinwl yiddi ot screrni such nms 
arc dL-tdI«I from a saucijc n.i.k under 3 mm. pmssum Tl>« f 
material boils at 13O-H0’/3 nun,; the product melts at SS-oO . If 
dmiuHl the amine can 1« ciystall.ml tmm petroleum ether, from nhich 
it separates in the fom\ of fine needles. 

Preparation of 2-^Tolrlammo-li-hi<lrorjnaphtlialene-7-sulfomc Ac.d 

A mixture of 210 g (2 mohu) of di-tdled P-loluidine. 215 e (M nrole) 

of 2-,amu,odi-hydroxj-naphtlu.lene-7-snltome arid 

sotlium bi-nlSte, ami 500 ee. of tvater. in a 3-1. 
tomed ll,vk prorided nith a renu, condenser »nd a 
U heated under letlux frith stirring for thirty ° 

is then addtxi until the mritnro « a kalme and 1^;™— “ “ 
mmoved by steam di-t llation. me j ,,,5 arc sucked 

refrigerator until erysia hration “ ‘ , yp „,^ot cold saturated 

dry. on » IlOehncr in about 700 e=. ot 

sodium chlondo solution, me pt« ,a m.ake tlio 

hoi ivatcr to nhich '"'"'S' • j .iaalloivedtoslandinatctriger- 

mixture acid lo Congo red^ „,a erjalallme acid is filtered and 

ator until * ;™3e i<;.eoId liydroeliloric acid and then 

n-ashed on the filter xiltli a > •' 2-p-tolylaraino.5-hydroxy- 

lirico Math small ,»rno^ ™ iglu. about 1S5 g (05%). 

T-sulfonic acid is dried at 100 , ii "'■'fc. 

„ ^ i,.ni,lflmino>-8'Oaphthol-&*suIfoiiic Acid 

A mixture of 2x> S- J ^lium hisulfile solution (SS^e). 

fonic acid), 50 cc. of „nd IC R of sodium hydroxide is 

20 g. of p-aminophenol lod ' the mixture Im cooled to 

boiled under reflux for paper and the crude product 

room temiwmturc, it a^ Durifieil by solution in alkali and 

is flltereil on a Dachner ^4^ about 13 g. (37 5%). 

reprecipitation by aciu. ‘ * .g geid" (2-hydroxj'naphthalcno-6- 

Sub-stitution of 2o R. results in a yield of 20 g. (61%) of 
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COMPOOTJS PEEPiEED BT TEE BCCHEHEE ReACHOX 

(Types of reaction are referred to by numbers as foUorrs.) 

I. AiOH ArXHs 

n. ArEH- AiOH 

TTT. AiOH or ArXH. -->• ArEHR or ArXRi 
IV. ArOH or ArEH; ArXHAr' 

V. ArOH orArXH; -* ArXHXHs 
\ 1 . ArOH or A^^^H; — ‘ A carbazole 


i 

Formula. 

Xame of Compound 

Type 

Yield, 

% 

Refer- 
ence * 

CrHcO; 

Resorcinol 

n 

— 

51 

CcHtON 

T7i-Aminophenol 

I 

— 

4S 

CtHsX. 

m-Phenylenediamine 

r 

SO 

3, 4S 

C^EicX^ 

1 ,3-Phenylenedibydraane 

V 

20, 75 

220 , 26c 

C;HsO- 

SjA-Dihydroxytoluene 

n 

— 

51 

CsHsX- 

6-AininoqninoUne 

I 

i 

14 

C 5 H 5 X 2 

S-Aminoquinoline 

I 

Almost 
quant. | 

14 

C^HsOsXS 

S-Aminoquinoline-5-sulfomc acid 

I 

— ' 

14 

CioHiX 

2-Xapbthyiainine | 

I 

67, S7-SS' 

j 

2, 3. 15, 
16,35,37, 
4S 

Cl'HirX; 

1 ..o-Diaminonaobthalene 

I 

— 

4S 

CiRicR: 

2,7-Diaminon2phthaleae 

I 

PD 

3 

CloHjciX; 

1-EapbthyIhydrazine 

T 


26d 

CioHi^4 

2, 3-X aph tbylenedihvdraziii e 

V 


26d 

C 1 -A 04 S 

1-Xapbthol-a.sulfonic acid 

H 

[ Quant, j 
1 ' 

1, 2, 3. 
12, 3S. 39 

Ca:iHs043 

l-XaphtIiol-5-sulfoiiJc acid 

n i 

1 _ 1 

39 

CxiEtO^S ! 

l-lSaphthol-7-5ub'onic acid 

n 


2, 12 

CicHsO^S 

l-2\apbthol-S-sulfoziic acid 

H 

i - 

12 

CicHsO^ 

2-XaDhthol-6-=ulfonic acid 

H 

i _ 1 

51. 53 

C2:Ss04S 

2-X3pbthol-S-sul!onic acid 

H 

\ 

53 

Ci:H50=S 

j ly^DihvdroxvnaDbthalene-— ulfoTiic acid; II 

i I 

1 — 1 

40 

CrHiOi-S 

1 l,5-DihydroxvTiaobthalene-7-=ub'oaic acid 

u 

t — i 

32. 40 

Cr,H;0:3 

l,S-DibyciroxyiiapbtbaIene-4-=iib'oaic acid II 

f : 

) 1 

2, 39 

CrH-,OiS 

! l.S-Dibydroxynapbtbaleae-Srjulfoaic acid 

: n 


i 2 

CicHiOiS 

j 2.5-Diliydrom2anhtlialene-I^T2lfor!ic acid 

' n 

' — 

! .33 

Ci-H^OsS 

j 2.5-DibydroxvnaDbthale3e-7-~i2lionic acid 11 

! 90 

• 3.51.53 

CicEtOxS^ 

l-^'apbthol-4,f)-disulionic acid 

1 n 

i — 

i 

CrHsOiS; 

1 l-^apbtbol-4.7-di5iilionic acid 

i II 

; — 

I 12 

CrHiOrS; 

1 l-XaDbtbol-s^S-diiUifoiiic acid 

1 

; II 

1 Quant, 

! 3, 12 


as lo as p. 125- 


COMrOUNDS PREPARED BY THE BUCHERER REACTlOiV 123 
CouMTOOs Pbepared ar me BccttesER Reaction— C tmfinucrf 


Formula 

Name of Compound 

Lj-pe 

♦ ncid, 
1 % 

Refer- 
ence * 

CwlIsOrSs 

l-'Naphthot>6,8-di3u)fonie arid 

II 


12 

CjollsOsSs 

1 ,8-Ihh ydroxjmaphthaleno-l.GKlisulfonic 




arid 

II 




CiolisUiot-j 

l'Naphtho]-4,6,8-trisu)rciiui; arid 

II 




CioIIsON 

l'Ainino-2-naphtbol 

I 

_ 


CioIfjOM 

l'Amino-(*napKtiu>I 

I 

35 


CjoIIsON 

l'Amino-5-naphthol 

II 

SO 


CiolIsON 

I'Amino-S-naphthol 

11 



12 

CiaII,0>; 

2-Atnino-7-naplithoI 

ir 




CioHiqONj 

7-ni'drQxy-2-nftphtb>lhydrtttine 

V 

82 


CioHANs 

l-Naphthylamine«4-6utfonic arid 

I 




CjoHjQjNS 

2-NaphthylaBiin<>»l-«;uironlc acid 

I 




CioHgOjNS 

2-NaphthyIaminH>^u]foDic acid 

1 

_ 

12, 22 

CioHiOaNS 

2.NaphChyl;itnine-7-culfotiic acid 

I 




CjoHANS 1 

2>Naphthyl.iRunr^((ironic acid 

I 

_ 

22 


l-Ainini>^naphthol>2-$uirome acid 

11 

— 

40 

CioHtO^NS 

l>AmiDO-5>naphthol-4^ultonic acid 

n.i 



40 

CjoHANS 

l<Affiis<>^n3pblhoN7-6u)fonicacjd , 

1 , 

— 


CioHiOiN’S 

' l-ADino-5-naphthol*&«u{fonicacid { 

II 



40 

CioHjOiNS 

I-Ainino-7*naphtbol-4^ulfonic acid I 

I j 

— 

23 

CjoHfO^KS 

l*Amino-$-nnph(boI*&«uironic acid 

11 



12, 39, 49 

Cjoll904NS 

2*Amino^napbthol>7*e>iifoDic aetd 

I 

— 

3 

CioHiOiNS 

2*Amino*S^aph(W^4u(ronic acid 

I 

SO, 53 

S, 13 

CllJIsOgNS] 

2-Nnpht1iyL'tm>ne-C.8-di$ulfoDic acid 

I 

— 

12 

CioHiANtS 

l,5-Diaminonnpbt)ialenc-4-«uironic aetd 

I 

— 

40 

CwHioOjNjS 

2,5-Diimin<«iapbtbaiciic-l-suJfoBic acid 

I 

Qiiaot. 

33 

CiiHuOjNS 

l-MethylaminonapbtbaJene^-culfoDic 





ncid 

in 

— 

12, 50 

CjiIIiiOjNS 

2-Methy]anjjDODapbtba)«ie-6-6ulfonic 





acid 

III 

— 

50 

CnirnOjNS 

2'.^inino>l-napb(hyline(h>ine sulfonic acid 

I 

— 

62 

Cjinji04NS 

l-Mcthylainmo-T-naphthol-A-^uUomcacid 

in 

— 

23 

CisHhNj 

l-(^'Anunoethy!aiDino)-naphthalene 

in 

— 

17 

CijIIijON’j 

3- Hyd cti xy-1 '-aminodipben ylamine 

2V 

— 

41 

CijHisON 

2-{5'IIydroxyethylainMio)Hiapblbalet»a 

in 

— 

6B 

CijIlisOjN 

droxyctbylaiiuiio)-&4iaphthol 

in 

— 

IS 

Cj.IIjjON 

2-IIcxy]-5-anijnopb«iol 

1 

70-80 

43 

CuIIis04NS 

2-((3-liydrox) ethyIaiiuno>4i8pbthalen«- 





7-sulfonic acid 



56 

C1.II13O4NS 

l-(3-lIydroxj elbylamujol-iiaphthalene- 
4-€ulfomc acid 

in 

- 

56 





124 


TTTF. BUCHZREE EEACTIOX 


COUPOTTKDS 


Esactios ’ — CorJUnued 



CijHiiOiNS 


Ci;H240iS;S 

OjHuOX 

CuHuOiXS 

C:5Hi5>'; 

CiiHis^z 

Ci^HixOX 

CiiHuOjNi 

C-.HyX 

C-aHuOX 

CifHxjOX 

C-HuOX 

C-Hi:ON' 

C-HitON' 

QfHuOX 

CicHi^OK 

C-.fHuOX 

C;.B.:OiXS 

C-..Hi;0;>'S 

CicHiiOjXS 

C;tH;-.ChXS 

C;!H-04>'= 

Q.HuOtS': 


t 5 

i 2-(S-HvdrosyethTlsimi;o)-S-liydrosy- ; 

I iiaphth2lei’e-6-rjIfo3lc ccid 
I l-(5-A£nmoethyl£irm’o}-n::phtii2!ene-4- 
salfonic acid 

2-{5-AiidaoetIiylainino)-a2plithaleie-6- 
caAcisylic acid 

2-fi Iethyl-5-iiydroxyetfiylaiaiao)- 
nsD^itt^Ene-C-suIfonic 
2-(5-Hydro3:Tetlivininnio}-S-^eti;ox7- 

naphthalerie \ 

l.^Bi~{S-hy(iroiyed:yiarrgso)- | 

TiaTsiitba! eac 

1- (4:'-Hydro . T yp aeayl?.m?no)-aapbthaIeae 

2- (t-- Aprr- r.ccity I«mia oi)-~'«-n''! t>'-i1 c-A-fU 

I caAosylii acid 
Bsnzo-(l ^>-caiba2ole 
Beazo-(3 4)-carba7oIe 
Bsazo(5,6>-carba2oie | 

2-{— i 

l-Hydroxvi>ea70-(3.4)-caAazo!e j 

j 4'-Hydrt)xybearo-(3.4.I'4i')-';^iE!a2o!e ; 

I l'-Hydrx3iybeiiio-(3.4J2'^')-carbaiole i 
1 l-Fhsaylamia D-4-aap5ti:oI j 

1 2-Pber!ylaxa^o-^aapiiti;oi i 

S l-(4 -'Hydn3iypi;cr!yIaadao)-aapatbaiei;e ! 
j 2*(4 -HydraAypaaayIaiaiao)-napbtha]eae j 
i 2-(4 -Hy(iroxypi;a3yIaadr3)-7-napi;tto! ! 
5 ( B^axo-(Id2)-cari:arole-3-5ulfoaicacid j 
5 : E5azMId!a'i’>cait)aao!e-4'-5al:oaicac:d 
i ; B'eiiz/>-(1.2,l'J2'*)-carijaroi6-o'-='dfcrdc acid 
i j Eaaro-’;3.4.1’'^')-carixa3:ol“-5'’-=aIicaic acid 
? ; 3'-HydnjiybeaLio-(ld2.1'^’}-cartjai.a!e-5'- ! 

t ralioaic acid ; 

? I r-HyditccybeaiM34^'^>=a~aao’a^'- j 
i ralicai; acid 


75 I 29, 30 
46 ' 25 . 29. Sid 

— I 32 

6.5 ’21,24.44 

64 i 13 


; 33 

i 43 
; 22c, 43 
' 22c. 33 
i 2”. *^5 

; 21 





COMrOUNDS rHEPARED BY THE BUCHERER REACTION 125 


CoMpotunas Pbepjbeo bt the Bcckekzr Usactios — C orUinued 


Formula 

Name of Compound 

Type 

. Yield, 

' % 

Refer- 

CisHnO^NS 

S'-IIydroxyben*o-^,4,3’,4')-carl>a*olo-l - 
sulfonic aeid 

VI 



^-^leUiiiJcNSs 

lJen^o-^a,4,l',E■j-c«Iba*ole-l,5'-<^lsuUonlc 

acid 

VI 


30 

CulljsUsNS 

2<PhenyIaminftnBphtha}ene-6-eulfomc 

acid 

IV 

- 

11,21,22, 

CwIIjaOjNS 

2-PhcnylaminoDaphtba)enc-8-sulfoDtc 

acid 

IV 

34 

21, 22 

CielliaOjNS 

2-rbcnyIaininonapfatha]efle^'*8uUooM 

acid 

IV 


13 


S-fJ-IIydroxyphenyl-immol-naphthaJimts 
C-eulfoiuc octd 

IV 


21 

Ci|H,304NS 

2-(4'*lIydraxypheoyIaDino>4iapbtba]ena- 

8-eulio&icacid 

IV 

OS 

21 

CulIisOiNS 

2*Pbenyhmino-6-naphthol>7'eulfonic acid 

IV 

_ 

21 

C»H, ANS I 

3>rhenvIaffiino-S-napbtbolW>^ulfonic acid 

IV 

so 1 

31 

CieHisOiNS 

2-(4’'IIydroxyph«nylainmo)-8'naphlhol- 
G^ulfonie acid 

IV 


21 

UjetlisUjNSj ^ 

3'-rhenylaminonaphtbaIene4>,4''disul> 
Ionic acid 

IV 

83 

21 

Ci«IIiiO«NSi 1 

2'rhcnylaiRinonapb(halan^,3’-disul> | 
Ionic acid 

IV 1 

89 

21 

CwIIiANSi 

2-PhcnyIamIn<jeiapbthafcnc-5,7-disuIf'M»ie 

1 acid 

IV 


2 

CijlIijOeNSi 

S-Phenylaminonsphlhalen^.Wisulfomc 
' acid 

IV 


2 

CnIIijOjNSi 

2-(4'-IIy(lroxyphcnyIam>no)-naphtWene- 
6,8^isuIIonic acid 

rv 

84 

IS 

'..'itllnUsNiH 

l-(4‘-AininophenyIainiDo)-naphthaIene- 
4-eulfanic acid 

IV 

_ 

41 

CwWhOsNjS 

2-(4'-AininophenyIaiDint»)-n3phthalene- 
6-eulIomc acid 

IV 

72 

21 

CieirnOjPfjSj 

2-(4''-Aiainopfteny/aminol-nap4{b3tefio- 
G.S-disultonic acid 

IV 

82 

13 

C„H„N 

6-Methylben*o-{3,4)-caiba»le 

VI 

— 

29 

CjjIIwN 

2-p-Tolylaminonaphthalene 


82 

13 

CnllijN 

2-(3'-Methylphenylaiiano)-napbtbalene 


34 

13 

CnlluN 

2-{2'-JIe£hylphcnyl3ninM>>^iapbthaJene 


2S 

13 


2-(3'-Amino-4'-iBetbylpheiiylainiiK»>- 

naobthalene 

rv 

55 

13 


• HefersnoM 38 to 8S »PPeK on p 12S. 
tSoep. 122. 
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THE nucnEUER reaction 

CoMrocNDS rur.i-Anr.n iiy Tin; IJccnEiiKU Ilr.AC tio;c— C on/riiUf'I 


Eormuln 

Name of Comimuiiil 

Tyi>c f 

Yield, 

r' 

4C 

liefer- 

CIICO * 

CnIlijON 

■I'-MelhoxylK.-nio-(3,l,r,2')-carbar.i)Ie 

VI 

— 

28 

Ci;IInO:N 

2-(2'-CarboxyjjIienylamino)-ii:ipIitlj:ilenf 

IV 

17 

13 

CitHuOjN 

2-(3'-CarI)oxy-l'-hydraxyphc!iyl;imiMo)- 





iiaplitlialene 

IV 

— 

13 

CntliiON 

l-(-T-Mctlioxyphcnylamino)-n:iph(!ialcnc 

IV 

— 

24, 45 

CirHiiON 

2-(I'-Mctlioxyplni)ylnmino)-iirip!)tli;ilfiie 

IV 

74 

13 

C:tH,iON 

2-(2'-MetIioxyphcnylamino)-iiaptit!iaIonc 

IV 

27 

13 

CitHuO«NS 

l-fJ'-HyJroxy-Ii'-c.nrboxyphonylainino)- 





iiaptitlialeno-l-fiili'oriic acid ! 

IV 

— 

47 

Cnni;0«NS 

2-(l'-lIydroxy-3'-carI)ox>7iI>cnylaniino)- | 





naphtlialciie-7-fiiIfonie acid 

IV i 

— 

40, 47 

Ci;lIisOc^S 

2-(-r-IIydrox>'-3'-cnrI>oxyplicny]amimj)- 





napIithaleno-O-fulfonic acid 

IV 

“ ! 

47 

CjiIIwOjNS 

2-(4'-IIydroxy-3'-carI)Oxy])hcnylamino)- 





iiap!)tlialcne-S-?ulfonic acid 

IV 

i — 

47 

CijIIuOrNS 

2-(4'-Hydroxy-3'-carI)oxx'phcnylamino)- 





1 S-napl)tlioI-G-sulfonic acid 

IV 

— 

47 

CkIIijOsNS; 

l-(■t'-IIydroxy-3'-carl>ox^^)hcnyIamino)- 



t 


naphtlinlcnc-3,S-dtsulfonic acid 

IV 

— 

47 

CirlluOaNSi 1 

l-(4'-Hydroxj'-3'-carbox}"p}icnylamino)- 





naphlhaleiio-C,8-dLsulfonic acid 

IV 

— 

47 

CitUisOjX .*5 

2-^Tolylarmaon3pbtli.'dene-0-su!foriic 





acid 

IV 

51 

21 

Ci-HiiOaNS 

2-p-Tolylaminonaphth;dcDc-0-suIfonic 





acid 

IV 

35 

21 

CivHjsOsXS 

2-p-Tolylaininonaplithalcnc-S-sulfoiiic 





acid 

IV 

Pract. 





quant.. 





76 

11. 21 

CitHxsOiNS 

2-p-Tolylatnino-S-naphthoi-C-suIfonic 





acid 

IV 

— 

13 

CitHisOjNS: 

2-p-TolylaniinonaphthaIene-fl,S-disuIfonic 





acid 

IV 

— 

21 

CisHjcX- 

N-N-Diphenyl-m-phenylcnedlaniinc 

IV 

— 

43 

CijHitN 

2-(2',4'-0iniethyIphenylamiiio)-naphtha- 





lene 

rv 

— 

13 

CisB^isOsTv 

S-Phenylamiiio-2-naphthol-3,2'-dicar- 





boxylic acid 

IV 



43 

CjsHisOiN 

8-(4'-Methoxj'phenylainino)-2-naphthoI- 





3-carboxyIic acid 

IV 

— 

43 


♦ E€fereac« 30 to 5S appear oa p. 123. 
tSeep. 122 . 






COMPOUNDS PREPARED BY THE BUCIIERER REACTION 127 


Compounds Prepared bt tbb Bocherer Reaction— C on/fnwd 


Formula 

Name of Compound 

Type 

. Tield, 
1 

Refer- 

CisHijON 

2-('i -Ethoxypl»enylainino)-naphthalcae 

lY 



CijlInOsNS 

2-(2',4'-Dimethylplienylaimno)-naphtha- 

lene'<)-sulfonic acid 

IV 



VJlsllnUiT^S 

2-p-L'thoxyphenylam)nonaphthalene-&- 
sulfonic add 

IV 

60 


C„II,70|NS 

2-p-EthoTyplienylanunonapMhalcne-8- 
Eulfonic acid 

IV 

50 

21 

CulTijOjNS 

2-p*Etho.ryphenyIamino-&-napbthol'li- 
sulfonic acid 

IV 


21 

c»ir„N 1 

Diben*o-(3,4,5,6)-carb4tole 

\T 


27 

c«n„N 

1 Dibeozo(l,2,7,S)>rarban>)e 

VI 

_ 

27 

C»IIjjON 

l-(2'-Naphtl^Ianuno)>7>napbthol 

1 



43 

CjoHisON 

1 8-(2'-Napbthyhramo)-2-naphthol 

IV 


22a 

CjoUiiON 

l'(4'-lIy<iroxj’phenylainino)-anthpacOTP 

IV 

82 

23a 

C»It»O.NS, 

2,2'-Dinapbthy(aiDine-C,C'*<lisulfoDic acid | 

' IV 

_ 

11 

o'uUjin} 

Carb.it<jl>(3,4,3',4’)-carb.'«*ole 

VI 

— 

28 

CjijHijOjN* 

2,7-Di(4'-hydro’<yphen)lamii»o)*naphtli.v 

Use 

IV 


45 

C'uUlsU^M 22i 

N-(6''-Hydroxy-7""6ulfo-2"*napl»thyl)» 

benzidine 

IV 


64, 65 

C1JH1804NJS 

N'(S"-ir}'drotjM)"-«uJfO'2"-fi.'«pbtby})* 

bcniidioe 

IV 


54 

CjjlIijOrNjiJj 

N»(5"-nyd«>Ty-7"-««lfo-2"-napbthyl)- 
bcnzidinc^'-aulfoiuc acid 

IV 


SI, 55 

CnIIisOrNjSj 

N-(8''’'-Ify(iroxy-<>'"-euffo-2'-napfc(by(l- 
beniidme-S'-euJfooic acid 

IV 

__ 

51 

CsuHjrOjN-S 

N-(5"-lIydroxy-7"-6“lf'>’2"-*iaphthyl)-- 

toUdine 

IV 

_ 

55 


N-(5'TI) droxy-7"'6uMi>'2"-nsphthyl)- 
dinnisidme 

IV 

_ 

55 

0'24U“07W2S} 

N-(5'-KydK7xy-7"-sirifb-2"-naphthyJ)' 
to]]diDO-3’-eulfonic acui 

IV 

_ 

55 

CtsHsaOjNjS 

N-(2-Napbtb)l-&-6ulfo)-p«>sanUina 

IV 

— 

21 

CjsIInOjNi 

N,N'-Dis(5'-bydn)%y-l"^phtbyl). 

benzidina 

IV 


43 

Cs,irsxO,NS, 

Dibenzoate oI dinai^tbocaTbazDle from 
“J acui” 

VI 


31 
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THE BLXHERER REACTIOX 


Giom. chin. ind. appSica!.i, 3, 97 (1921), 

"Brit, pal., 1S4.2S4 (C. A., 17, HO (1923)1- 
« U. S. pat., 1.SS0.701 IC. --1.. 27, 515 (1033)1. 

^Ger. pat.. 109,102 IFrdl. 5, lOS (1S97-U»00;1. 

*' Bucherer and Uhlmana, J. prcfrt. C}.cn., (2) SO, 201 (1905). 

<- Gcr. pat., 451.9S0 fC. A.. 22, 4130 (192S)]. 

‘^Harfung, l.Iiacick, and Koehler, J. An. Chen. Soc., 63, 507 (1041). 

Gcr. pat.. 043,221 (C. .4.. 31, 4342 {1037)1: Brit, rcit., 451B4S (C. .4., 31, 113 (1937)]. 

« Fr. pat., 7502143 [C. .4., 2S, 779 (1934)]. 

“ Fr. pat., 507,765 (C. -4., 31, 5513 (1937)]; </. Fr. pat., C45.150, and Ger. pat.. 642,549. 

Fr. pat.. 759,559 [C. .4., 30, 2019 (19.30.1]. 

‘tBrit. pat., 437,795 [C. A., 30, 2203 (1030)]. 

*5 Ger. pat.. 117,471 {Fcdl., 6, 190 (1000-02.]. 

“ Ger. pat.. 120.016 (Cl.er!. Zenir., I, 1074 (1901)]. 

Ger. pat., 121,653 IFrd!.. 6. 102 (1900-02;]. 

” Ger. pat.. 126.136 [Frdl., 6, 159 (1909-02)1. 

“ Ger. pat., 132.431 IFnil., 6, 193 (1900-02,]. 

"Gcr. pat., 134,401 [Frdl.. 6, 156 (1900-02)]. 

“ Ger. pat., 254510 tC. A.. 7, 1617 (1913,]. 

5* Brit, pat., 11.427 [C. .4., 6, 3023 (1912,']. 

« Ger. pat. 442.310 [Frd!.. 15, 511 (1927-29,]. 

"tr. S. pat. 1,727.500 [rf. Ger. pat.. 465.511 (C. .4.. 23, 2723 [19291;; Frdl., 16, 51C 
(1927-29)]. 

” Ger. pat., 122.570 [Frdl., 6, 194 (1500^)2)1. 

General Reference, Bncherer Reaction 

BrcHESER, “Leiirbnch der Farbenchetnie,” 2nd ed., p. 200, Otto Spanter, Leipziz 
1914. 
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THH KMW UKACTJOX 


reaction i*-’ Keiiorally nfaTedif*^! to for 1111 *^ invr-.-tipator rva.*; tlic 

first to explore tlie generality and syntiietie n-'es of tiie reaction. Libs 
and his co-workers .«tndied the pyroU>is of various jiolyalkyllKuiZfe 
phenones .and. Iin<!inc; that .‘■ome of these .siiietance.- failed to condense 
wliile others a(Torde<i anthracene hoinolo"-- in no hettcT than 20-2’//c 
yield (Table 1), were inclined to ilLcount tin- value of the method, par- 
ticularly where the liydrocarbon in rpiestion cam l>e obtained by the 
jihthalie anhydride syntlic‘si.« of the anthniriuinone, followed by rt'duc- 
tion. From the accumulated data now available, it has become apparent 
lhat,'allh(jnch the IClbs condensation in peneral is .siibjcH't to many limi- 
tations and .shortcomings, there are instance.s in wliich tlie necction pree 
cceds smoothly and afTonis the ix-st known means of obtaining impor- 
tant hydrocarbons. The reaction abo has found .siintilicant use; in the 
.synthetic prejiaration of hydroc.-arbons not a\‘ailable by other known 
methods. A low yield in the pyndysis is often offset by the reach- avail- 
ability of the nxiuired ketone. 

The reaction usually is c-arricsl out by healin;; the ketone without cata- 
ly.st or scjlvcnt at the reflu.x temperature, or at a tc-mpemture in the 
range -ICKh-lSO’, until water is no longer evolves!. ,\t the high tempera- 
ture roquircxl to effect ring closure considerable c-arlwnization may occur 
and much material may lie lost as the result of elc.-avage of the ketone by 
the water lilreratc.'d, elimination or degradation of alkyl .stibstitucnfs, 
and molecular re-arrangements. The main hydrocarIx)n reaction product 
m.ay not lx* that normally expected on the b.asis of the stnicture of the 
starting material, and the pnxhict i.s frecjnently. if not always, accom- 
panied by relatcxl liydrocarbons’. With the excejetion of a few particu- 
larly favorable applications of the reaction, a i)r(xluct of the Elbs con- 
densation u.sually rcfiuires extensive purification, and the probable 
structure a.s inferred from analoga- should lx; invcstigatcxl by independ- 
ent method.®. The total weight of the cnede hydrocarIx)n fraction 
obtained from the pyrolysis mixture by distillation and initial crystal- 
lization usually docs not prox-ide a reliable index of the tnre x-icld unless 
the melting point can be shown to be rca.sonably clo-se to that of a single, 
fully purified product. 

The mechanism of the conderrsation is not knoxx-n. Cook ’ suggested 

- Elbs and Larsen, 17, 2>47 nSS4>. 

* Claus and Elbs, Ber.^ 18, 1797 (ISSoj. 

^Elbs and Olberg. Bcr,^ 19, ^OS (ISSCy, 

*Elbs, J. pral-L 33, ISO ('iSSG;. 

* Elbs, J. praM. Chem^ 35, 4G5 (lSS7j- 

■ Elbs, J, praid. Chem., 41, 1 (IS90)- 

® Elbs, J. praH. Chem.^ 41, 121 (ISOO). 

® Cook, J, Chem. Soc,^ 4S7 (1931). 
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that the ketone may undergo tautomerism to an enolic form having a 
diene sj-stem to tt-bich intramolecular addition of the attached aryj 
group ma}- occur, giidag the dihj'droanfhranol. Fieser and Dietz '« 



suggested that the same intermediate, which at the pj-rob'sis tempera- 
ture certainly would undergo rapid dehj'dration to the hj'drooarbon, 
may result alternately from a forced 1,4-addition of the mcth 3 'l substitu- 
ent to the conjugated Si’stem comprising the carbonj-l group and the aiyl 
nucleus. There is no e^ndence bearing on cither hjT>othesis, and a sug- 
gested analogj’ “ to the formation of anthracene derivatives by the 
cyclization of o-benzylbenialdehyde “ and o-benzj-l diarj'l ketones “ 
docs not appear applicable because these cyclizations proceed under the 
influence of an acid catalyst and at a low temperature and henco under 
conditions wholly unlike those required for the non-catalj-tic high- 
temperature pyrolysis. 

EXAMPLES OF THE REACTION 

Synthesis of Anthracene Homologs. 01>ser\‘atiens concerning the 
P 3 ’ro] 3 'sis of mono-, di-, tri-, letra-, and penta-methyl derivatives of 
benzophenone are included in Table I. Jo most instances tlio material 
pyrolj’zcd was the total distilled product of the condensation of a bj’dro- 
carbon with an acid chloride or with phosgene, and the published data 
on the pyrolj'sis temperatures and the jdelds are not verv specific. Seer 
and co-workers *• followed Elbs’ practice of refluxmg the ketone 
gentlj’ for a prolonged period but obtained onlj- verj’ low yields. Mor- 
gan and Coulson ”■ “ found it expedient to shorten the time of reaction 
and to remove the hj-drocarbon formed from time to time in order to 
protect it from destruction. Althou^ this technique apparcntlj- repre- 
sented a marked improvement, the jrields reported refer merclj' to mate- 
rials of unspecified puritj- and consequently are ambiguous. The data 

*• Fiesfr and Diet*, Ber., 62, 1S27 U929). 

” E. Bfretnaim. J. Orj. CAem.. 4, 1 (1939). 

” Bradalier. J. Am. CAem. Soc.. 62. 4S6. lOTT 
“Seer and Slanlca. Mtwtsh.. 32, 143 flOTl) 

“ Seer and Ehreninvig. .Ueaal.iA., 33. 33 (1913). 

“ Xio-gan and Coulson. J. CAm. .Soc . 2203 (1929). 

Xfofgan and Coulaon, y. CArar. 2551 (1929). 
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m 

for tilt' .‘•(■rif.-i of homoloj::- Imnlly warrnnl niiy Rfiionil (’onclM-iuii cxci pt 
r'oini' o-tiifthylhi'iiroplicnotK--; .'ifi’ord .'(iiilinicciK- <i('nvn(iv(~- in low 
yield' while other>, uikIit the (•oiiditioii'^ inve.-tiitsiteil, };iive tinly neftn- 
tive re.'iilH. Altljonyh 2,l-<liniethyllien7()phent)i)e mip-in-ntly f!iil<-<l 
to undergo eyeliratinn under conditions jnleYpnile for the fonnnlion of a 
ci'ilain mnotint of 2-inethyInntlinieetie from the isomeric ‘2.r>-/limelhyl- 
henroi'henono. n corn‘s))ondiny <liff<Ti-nce was not noted with the 2,1,1'- 
atid 2,5, 1'-tritnethyl conipotinds. 

'I’lihle I includes att instance tif tlie elimination of an iso]>rnpyl proup 
in the eotirst' of the jtyndysis and an example of the formation of tin 
anthrone derivative nlonp with the corresjiotidinK liydroear!»on. The 
anthroiu^ may possibly arise hy the dehydropenation of tin; postulated 
intcrme<liale dihydroanthranol. The last entry rtf the table shows that 
cyclij’-ation c.ati occur in both rtf two pttssible flirectiojis. tin; one involving 
an orlho metliyl grou|) and the other an ortho methylene .substituent. 

1,2,G,G-Dibcnzanthraccnc Series (Table II). The I'dbs n-aetion alTonl.s 
by far the most r.vpid imd economirtvl methorl known for the .syntlicsi.s of 
l,2,5,(V.<libcn?.attthraceno (III), a hydrocarlxin widely used for the 
e.xporimental production of cancer in animals. A ntimber of point.s of 
general intere.sl have been dbcovenal in the exten.sivi' studit's of this 
c.xamplc of the reaction. One is the occurrence of a n'lirninKcment in the 
pyroly.si.s of a,n'-<iinaphthyl ketone.s. .•\Ithouph 2’-met hy 1-2,1 '-riinaph- 
ihyl ketone (I) and 2-methyl-l,r-<linaphthyl ketone (11) would be 
exiiected to yield bomcrie liydrocarbons,”- Cook •' .showed that they 
both alTord III as the chief itroduct. Cook .‘-upKcsted that the ketone 






HI (colorless) 


IV (rcHow) 




















l,2.5,(>-DlBEN'ZANTimACENE SERIES 


137 




138 


THE ELBS REACTION 


(II) which reacts abnormaily maj* undergo rearrangement to the isomer 
I at the pjTolysis temperature, and indeed it lia.? been shown that the 
abnormal p\Tol 3 'sis of II proceeds far more slowh' than the normal con- 
densation of I. The several examples listed in the second section of 
Table II demonstrate the gcneralitj' of the rearrangement. 

The hj-drocarbon prepared from either ketone retains a bright j'ellow 
color not altered bj’ distillation or repeated cn'stallization,'’’ but 
Cook ® found that pure 1 ,2,o,G-dibenzanthracene is colorless and that the 
color is due to the presence of a persistent chrj'sogen which Winterstein 
and Schon later identified as the isomeric ],2,G,7-dibenzanthraeene 
(TS^. The chrj'sogen, which evidenth" arises from the ketone I bj* con- 
densation of the mcthj-1 group into the /?-position of the second naphthyl 
nucleus, constitutes about 10% of the Iredrocarbon mixttrre. Various 
methods have been reported for the removal of the j'cllow contaminant 
based upon its greater aflinit\' for chemical reagents or adsorbents. 
These include (a) preferential sulfonation of the mbrture in xj'Iene solu- 
tion •’ (extensive losses), (&) chromatographic adsorption (10-20% 
recoverv')> (c) treatment with maleic anh\'dride in boiling xj-lene,*’ and 
treatment with lead tetraacetate in acetic acid solution ” (70-83% 
recover^-). 

In this series there are several instances of the loss of methA'I groups 
in the course of the Elbs reaction. The pAToh'sis of the eth%'I-substituted 
ketone V affords l,2;.5,f>-dibenzanthraccne in relativelj' high j'ield, the 



'■ VI 

methj-1 group which normally would appear at a reactii'e meso position 
of the product being completely eliminated. l,l'-Dinaphthj-l ketones 
having methyl groups at the 4- or V-positions (AT) are prone to lose 
these substituents, and there appears to be a general tendenev for the 
elimination of substituents irom o-position-s in the carbonvl-containing 
rin^ of the dinaphthj'l ketones.^- Another change observed in the 
course of a pyrolysis Is dehydrogenation. The S.ejjS-tetiahA-dride of 

" CooV J. C?.<n. Sx., 3273 (1931) ; Cook, Hiegsr, Kenaairav, and Vla'raeord, I’roc 
P.oy. Soc., BUI, 4S9 (1932/. 

® Tioser ar;d Hersbi<org, J. Am. C},m. Sos., 60, 1S93 (1933). 

Heser a::d Peters, J. A.m. Chem. Soc., 54, 3742 (1632). 
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the ketone I nilorde the fully a^matized hydmcnrhon lit uhen hcatrf at 
430-150” » and other instances studied bj' Oar are listed .n he thmt 
section of Table II, nliich includea data on the synthesis of l»'l ' 

nuclear hydrocarbons by elaboration of the Ecncral scheme alreadj illus- 

‘“‘^Benzanthracene Sedes (Table m). Hic niost 
of the data on the conversion of metbylatcl 

1,2-benranthraceno derivatives is the slnk'”R “ ■ , ^ 

of the 2-mc,hyl 

ketone on being pj roh z VIII loses iratcr only in the 

aa high as Cl% jaeld, ,0% laeld. 

course of twenty-six boure and gi\o» - - 




Tlio difference is undcmtanilable ^ro'"'^;'''^^ 

by Ficser and Dietz, for in tl • . .. . yjjj croup must 

condenses into a Cooks postulate that 

substitute into a loss reaetne ^ cnolization din's not 

the Elbs reaction vill should l>c more prone to 

explain the oK«crv«i difTirenco, - 

cnolizo than VII. .,n,c,„rr cncuimten'.l in c^tolyl o-naphthyl 

Tlie favoniblc fontun of ■ ^ o-mcthvl 2,r-<linaphlhyl 

ketone (MI) is met » i jb n ^ I(p. 13 1 1, and in this seri™ 

ketones bstcl 111 liibli 1 . uncr than iiitli tlic met hy- 

thc Jdclds again are rf ,hc type of l-l»nieyl- 2 - 

latcd hcniopliemiiics (T. 1 1 dv.. as 

methylnaphthali’iie (Ml -,.,i u will U'M.'cn from the d.it.a of Inbto 

tl.obcnioplicnone iuniam^ of die ty |0 ill VIII, dial the 

III, nbich refer a Imret |„,„„l„,it.itnl Icon.- ba>- 

yields arc rcpilarl.' pi" Hniklithalcm* imcleiii arc mon' n-nuilj 

ing the o-nu'lhyl „i,{v „in'titntitl iMimirs and ha%e Ufii 

accessible than the ^,f i.2.lH'nzanthnicene liomolop*. In 

u>iod c\clu-ively for the '*•'** iii'tance-*, and there arc 

this scrii's nn'> I ra.l«l««» of “I*'-'* ^*‘■“‘'1 '‘'.‘’’Vl'r 

examplt'S of the lo-«« “ . fn>m iK»ition«> 5 and h nf the 

ents have Ixvn fou'"* rxampk-- of the n-tentioii of 

ri'Milling 1 . 2 -lH-nr»uhn • 1. 0, 2'. and 3 

methyl at the>i' vune » 
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An ipopropy] RToiip was in part retained at position G and in part de- 
graded to furnish a G-incthyl group. 

Synthesis of Cholanthrenes (Table IV), Ti)e .‘•■yntiiesi.s of a liydro- 
carbon of the cholanthrene .‘■erie.s by Die Ell).* reaction is illustrated by tlie 
formula.s sliown in T.able I\'. Although .singly linked alky! .sub.stitucnts 
are often elinunated at the pyroly.-i.s teinjieraturc from the 5- and 10- 
positions of the l,2-b(‘n5;,'tnthrarene nuclcu.s, the ace- or dimetln'lcnc 
bridge attached at tlie.'O jioints njijiear.s to be more .stable, for no instance 
of a rupture of the.se linkage.s i.s on record, I'urthcrrnore, both the 
4-hydrindyl-a- and ^-najihtliyl ketono.s jirc-sent .structure.^ parlicubrly 
favorable for the Elb.s condensation. A.s with retolyl «-na{)hthyl ketone 
(VH), ring closure involves a substitution into a reactive naphthalene 
nuclcu.s, and another auspicioii.s circumstance i.s that the ortho methylene 
group undoubtedly .suriiassc.s a corre.sponding ortho methyl group in 
reactibty. It i.s thus understandable that the reaction rc.sulting in the 
formation of a cholanthrene takes place with jiarticular rapidity and 
probably at a .slightlj- lower critical jiyrolysi.s temj)eraturc than in any 
other known example. 

Tlie generally favorable situation i.s rcfiected in the fact that the 
important carcinogen.s cholanthrene and 20-mcthylcholanthrcne can be 
prepared in quantity in a thoroughly purified condition in 40-50% jneld 
and that the j-ield.s on the whole arc definitely better than in any of the 
other .serie.s studied. Methyl groups at the 1-, G-, and "-positions of the 
hydrindene nucleus pa.ss through the pyroly.sis un.scathed, and the .same 
is true of a methyl situated in the naphthalene nucleus at the 4'(«)-po=>' 
tion, whereas in the .synthe.sis of l,2,.5,G-dibcnzanthracenes .such a group 
invariably is eliminated. Tlie only troublesome instance of methyl 
elimination encountered is in the pyTolj-sis of 2,7-dimcthyl-4-(a-naph- 
thoyl)-hydrindene, when the alkyl group which should appear at the 
highly reactive me.so-methylene group (Cjs) was retained onh- in part, 
and was in part lost. S^mthases of the 20-cthyl, 20-LsopropyI, and 20-1- 
butyl derivatives have been accomplished succe.ssfully, if in low j-ield. 
It has even been possible, at least in .some instance.s, to cany methoxyl 
groups and halogen atoms through the .sj-nthe,sLs. .A. methoxyl substitu- 
ent located at either the 6'- or T'-position of the ketone is retained 
admirably, and the corresponding 3- and 2-metho.x3"cholanthrenes are 
obtainable in excellent j-ield. A raetho.xyl at the vulnerable 4'(a)- 
position, however, is completely lost. With a chlorine atom at the 4'- 
position of the naphthoj'lh3'dnndene, extensive elimination of the sub- 
stituent also occurred, but careful fractionation of the reaction mixture 
afforded a .small amount of 6-chloro-20-methj'lcholanthrene. The 3- 
chloro isomer was obtained without difficulty. 
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T1.C second section oi Tnblc IV Wo a number ol variations of the 
cliolantl.rcnc synthesis. Tlie ketones IX and X afford the 
l',9<limctliylene-l,2-bcn«anthraccnc and , 

llircno in 32% and 00% yield, respectively. Tlio particnlarly high yield 



involves 

an aromatic structure of stability 




. . . .. in the u«e of certain aryl quinolyl ketones 

for Z synlS'o? p'^lynuclca^romatic ketone 











?.Mrih)W’-mcllMijy ArCOQ + Ar'll (82''t) 405% 15 min. 20-Methyl Oo** of OCir,) 

ArC.V -f Ar-Afiifir 

7-Mrt!ijl-<j'-mc-tho»y Arli -h Ar’CN (50'Jj) 405*, 20 min. 3-McthDjy-20-inethyl 

AiCN' + Ar'Mul (03?t) 4tl(>-405* with Zn. IS min. 

7.MHhy|.7'-ffWWry Adj + ArWU (187,) 405*. 16 min.; 420* 2-Methoxy-20-mclhjl 

7-MHl.yUVhlnro ArCN + Ar'M^Ur (72^) 410*. brief boaUrg 6-Chfcin>-20-roethjI -f 20- 
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yield. Similar!)’, S-quinol)'! <»^oIyl ketone (Table III) yields 4'*ftzfl-l,2- 
benzantliraccne (/J-anthraquinolinc). IVifh S-quinolyl 7-meth)’I-4- 
hydrind)’! ketone the sole reactioo product (50%) contains an atom of 
oxj-gen and presumably Ls of a stabilized antliranol tj’pe of structure. 

I^rolysts of Diketones (Table V). IIic Elbs reaction has been applied 
rather e.ttcnstvcly, particularly by Clar and cov^ orkers, to the sjmtliesis 
from suitable tliketonea of higher hydroc-arbons having two scpar.ate or 
merged nnthrnccnoid groupings (sec refs. 57-t54 in Table V). One 
example is the pyrolysis of 4,<WibcnzoyH,3-xyIene (XVI), which yields 
a hydrocarbon having the proUable structure of mcsodihydropcntacene 
(XVII). Tlic formation of the dihydride rather than the fully aromatic 



SVI XVII 


hydrocarbon doubtless is a consequence of the great reactivity of 
pcntaccne. The most c.\tcnsivc ela^ration of the method yet accom- 
plished is the synthesis of 2,3,8,9-di-(naphtho.l',2')'chry8ene (XIX) 
from the diketone XVIU. Tlic liydrocarbon, which melts at 600®, was 



obtained in 52% yield. <Uh«'r o\»iuph'a listed in the table involve 
dikctoncs which are similar toXl'Ill but lu which one or both naphthoyl 
groups arc replacetl by ls*iin»yl nidlenN. 

Suirunary of Side Reactions. M\iuu(ilet« hnW' been cited in the fore- 
going sections of the oecJirHmen of nroyl Uilgtntlotw in the course of the 
Eibs pyrolysis, of tho ellmlnatJoH of olkyl, halo, and inetlioxy siibstitu- 
ontg, of the degradation of ln>j»ri»j)y! h> «»<! of processes of 

hydrogenation, dehydrogeimthm, m>d JDfrnniiili'cnJnr disproportiona- 
tion. The formation of nnthnii)(«s }n Ihns' ln«i|nii('i’.s represents the 
production of substances of ft afago of ONldallmi higlirr tlmn that of the 
c.xpcctcd hydrocarbon, timl there Is one tiistiuii'e of i\n iipparcnt reduc- 
tion. A.S a by-product in IhoaynthrMH of methylcholimllin’iH’, there was 
isolated a substance wlncli Is losUtmil to tlohydrogeimtion nml which 
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between 1-acenapbthyllithium and a-naphtlioyl chloride, which was 
found at least more satisfactory than the attempted condensation o 
acenaphthylmagnesium iodide A\dth tlie acid chloride. Yields lepo 
for the reaction ArLi + ArCN are 51%,^® 50%,*'^ and 17.5% (cjano 
quinoline), and the synthetic method thus appears less advantageou 
than the condensation of a Grignard reagent with the nitrile. . i , j- 
Selection of Conditions for the Pyrolysis. Attempts to find a ca a 3 s 
for the Elbs reaction have met wdth little success. Elbs ^ tried su uric 
acid, potassium bisulfate, phosphorus pentoxide, and zinc chlori e 
negative results. Morgan and Coulson found piperidine and ace ic 
anhydride also irithout effect and noted that 2,4,4'-trimeth3'’lbenzop e- 
none is cleaved b3’’ sulfuric acid to p-toluic acid and m-x3dene. 

The p3wolysis frequentl3’' has been conducted in the presence of a 
amount of zinc dust, and indeed in the first instance of the reaction e 
and van Dorp ' passed the vapor of o-tol3d phen3d ketone over zinc us • 
It is still questionable that the use of zinc results in an3'' material im 
provement. In two sets of parallel experiments conducted Mth an 
■without zinc dust no difference was obsenmble in the results. In ® 
S3Tithesis of the 2-®'’ and 3-methoxy “ derivatives of methylcholanthrene 
the yields in small-scale experiments ■w'ere 36 and 38% in the presence 
of zinc and 40 and 32% in its absence. It was observ’^ed by Hershberg 
that o-tolyl a-naphth}'! ketone can be pyrolyzed at 400-410° in tie 
presence of zinc dust to give 1,2-benzanthracene in 61% 3deld, but tna 
■without zinc the reaction proceeds only very slowly at the same tempeiU' 
ture. This is the only concrete indication that zinc has an}’^ effect, an 
the effect may be merely to lower slightl3’^ the p3wolysis temperature. A. 
comparison of the first three entries in Table III w ould seem to indicate 
that the use of zinc improves the 3ield in the S3Tithesis of 1,2,5,6-dibenz- 
anthracene, but in liew^ of the experiment cited below as an example o 
the procedure it is probable that the higher yield reported b3’’ Bach- 
mann is attributable more to his use of homogeneous Grignard ketone 
in place of the mixture resulting from the Friedel and Crafts reac- 
tion. 

Although many of the earlier experiments were conducted b3’^ heatmg 
the ketone over a free flame at the boiling point ■without control or 
measurement of the temperature, most workers now consider it adns- 
able to use a heatmg bath and to conduct the p3'Totysis at the lowest 
temperature at which a steady liberation of water is obserc^ed.^^’ As 
the bath temperature is brought slowly to or above 400°, the critical 
piTotysis temperature usually is sharply defined bj^ a brisk bubbling 
■wliich is hardl3^ noticeable at a temperature 5° low’er.^*’ 

Certain claims concerning modifications in the procedure of conducting 



1.2,5,6-DlBENZANTIIRACENE 


151 


the Elbs reaction have appeared in the patent Jiterature,*®'*^ but the 
supporting data are not sjjfficiently definiti^-e to warrant acceptance of 
the claims in the absence of ronfinnatojy e\’idence. Thus it is stated 
that ketones can be pyrolyzed to hj’drocarbons by dropping tlie liquid 
into a metal tube Hacked with active carbon, alumina, or silica gel at 
about 400“, but there 13 no indication that the contact agents play any 
real role or efiect any improvement. 

Two isolated and aa yet unclarihcd instances are reported of the use 
of starting materials other tiian ketones. Elbs ^ found that, although m- 
xylyl piienyl ketone failed to undergo satisfactory reaction, the corres 
sponding alcohol, fn-vyli’l phenyl carbiaol, condensed to ^-methylanthra- 
ceno almost as readily as p-.'oOjd phenyl ketone . On oxidation of a- 
n.aphthyl-4-(7-eth3’lhydrindenyl)-carbinol, Bruce and KoJm obtained 
an abnormal product regarded as an ether, ArCH(Ar')OCH(Ar')Ar, and 
this on pyrolysis afforded 20-cthylcholanthrene. 

Example 1, 1, 2, 8, 6>BibeDzanthraceae (Experiment by J. Cason). For 
best economy, and because of the greater si»ed and ease in the manipu- 
lation of large amounts of material, it is considered advantageous to 
employ the ketone mixture prepared by the Friedel and Crafts reac- 
tion,'’* even though the yield in tlic pyrolysis may be lower than with 
the purer Grigaard ketone.” 

A 2-1, tJirec-nccked flask is charged with 1.02 moles of /S-naphthoic 
acid and 1.04 moles of phosphorus pentachloride and the mbeture heated 
for one hour on the steam bath, filing chips are added, and the phos- 
phorus oxychloride is taken off at water pump vacuum. The residue, 
which crystallizes on cooling, is dissolved in 575 cc of carbon bisulfide, 
1.23 moles of d^-methyinaphthafcnc is added, and then, while the mixture 
is stirred mechanically under reflux, 1.31 moles of aluminum chloride is 
added during thirty minutes, fnie mixture is refluxed for tno hours, 
roolcd, decomposed with ice and hydrochloric acid, and the solvent is 
removed with steam. The granular brown solid is digested at the boiling 
point with sodium carbonate solution, collected, and dried thoroughly at 
room temperature (it becomes gummy at S)® ; a trace of water causes 
troublesome foaming in the distUIation). Vacuum distillation gives 
2G4 g. (SS%) of crude ketone, b.p. 250-252®/! mm. (bath, 300-310°). 
The distillate is a clear, dark reddish oil which sets to a glass on cooling. 

The pyrolj’sis is conveniently carried out in a tw'o-bulb distillation 
flask having a 300-ce. distillation bulb with an inverted-U side arm 
« I. G. Farbcninduslne. Bnt. pat., 251470 (1920) IC A., 21, 1272 <1027)) 

« I. G. Fatbenindustne. Bnt. pat., 253,911 (1925) [C. A.. 21, 2478 (1927)) 

Nicodcmua and Berndt, U.S. pat. 1.776.954. 1.776.925(1930) (C. J , 24.5705 <1930)) 

*’ Kicser, “Esperimenia in Organic (Stemiati),'’ Znd ed.. p. 250, D. C. Heath and Co. 
1941. 
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For nomenpliiturc', j<co Clar, rof. IV2. 



experimental procedures 


149 

EXPERIMENaau 

probably Worked by 

ketone. Another side rcaet.on :=•,=* Ltono,- or 
fragments such as ■, . » Apparently the ketone 

anthracene from an anthryl ij nprhans wath subsequent 

sulTers some cleavage by the t™''' ArOOOH + 
decarboaylation i „p„rts the formation of benzoic 

Ar'II — ♦ Aril + CO2 + Ar If. nf 1 5-dibcnzoyl-2,6-dunethyI- 

acid and benzaldehyde in the pyrolysis of I,W.boo y 
naphthalene. 

experimental procedures 
« -.^ri ir<.toncs. The ketone required for a 

Preparation of the Require readily by the Friedel and 

given Elbe sj-nthesis is often obtam ,l,e practice hi» 

Crafts reaction, and m many ol tno - m 

been to distil tho total invariably consists of a mixture 

to pjTolj-sis. Sineo tho uncertainties concerning the nature 

of Uoraers, this practice ,he routine preparation of 

of the reaction and the jneW. definitely advantageous cither to 
materials by kno«-n IfainU by Friedel ^ 

purify and charaetcriic tbc ® Grisnard or lithium dcrivatiyo. 

method or to employ a sjmt i^is j sj-nthesis have been studied 

The principal variations of ® .^n^joarizcd in the second column 
carefully in a number of Y . ijCOCl bas been employed m 

of Tables I-IV. Tlie reaction -r 

10 instances with yields rinsing ^nsJderable losses are 
yield of 49%. Bruce •' hm ti>"«'>^ formation ol ilrH and (ArCO)zO. 

vdth sido reactions resulting in “ is definitely advantageous, 

Tho use of a nitrile in place of given pure ketones 
for in 22 caamplcs the rcmtion AriMgA ^ represent particu- 

in an avemge yield ol 70%. “^.aiouninoline constitutes one 

larly diSicult cases, lor caimiplo " " ,he yields frequently are m 

component, and in the more "»"»?' ^“^urent slovness ol the mtr.le 
the Lge 80-90%, ti»a ^ 

reaction has been recognized and investigated in only one m- 

amide as the second component IT ^densationof phenyhnagnre.nm 
stance, but vdth marked snce.^.^«;^' sloivly (72 to.) 

bromide irith 1-aeenaphthamidc ” ' .|„,,naphthene in 95% jucld. 

but very smoothly, affording ;?“X,oyed at all e.vtensit;ely bub 
Uthium derivatives have not , sutislsctorj' than the Gri^rd 

eaeept in special eases, protobly given yields described as 

reagents. The reaction figure applies to the reaction 

"very loiv," “ 48%,,“ and 217ii. 
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sealed on about 11 cm. above the flask and cam-ing a 100-cc. rccei^ng 
bulb. Tlie flask 1= charged v.ith 152 g. of the crude ketone and heated in a 
nitrate-nitrite bath (care!) at 430' i o° (bath). The pjTol}'.sis must be 
attended con.stantly and the upper part of the flask v.-armed occasion- 
ally with a free flame to prevent water from condeusing and dropping 
back into the hot mixture. Sweeping of the ves.sel with drj' nitrogen or 
carbon dioxide perhaps facilitates somewhat the removal of water but is 
urmecessarj' and offers no material advantage. The evolution of water 
slackeus noticeabb' "rvithin about three hours, and after three and one- 
half hours the flask is removed from the bath, some glass wool is pushed 
down into the bulb to promote even boiling, and the mouth of the flask 
is sealed off. The product is then distilled at 2-3 mm. pressure, the low- 
boiling material which comes over in a fore-run being removed from the 
receiver. The dibenzanthracene distils largelj' at a bath temperature of 
300-320°, and in part on raising the bath to 400°. During distillation 
the upper part of the flask is kept hot uith a free flame. Bj' using a 
flask v.ith a high side arm and distilling carefulb', a clean distillate can 
be obtained and redistillation is unneces-san*. The distillate is melted, 
poured (and rinsed) into a 4-1. flask, and dissolved in about 3 1, of boiling 
benzene. The .solution is concentrated until crj’.stallization sets in 
(about 1800 cc.). The yellow dibenzanthracene .separating in the first 
crop and melting at 2(30-202° (cor.) amoimts to 44 g. (31%). The mate- 
rial recovered from the mother liquor when recrystallized melts at 253- 
258° and weighs 4 g.; total jield of yellow product, 33%. Almost 
identical jdelds were obtained in 20-g. and 80-g. runs and in runs con- 
ducted v.ith added zinc dust. 

In one method for the preparation of colorless dibenzanthracene,^'’ a 
warm solution of 2 g. of lead tetraacetate in 500 cc. of acetic acid is added 
in small portious to a warm solution of 10 g. of yellow hj’drocarbon in 
500 cc. of benzene, and the solution is refluxed gently for one hour. The 
solvent is then distilled Elov.i 3 * until the solution has been reduced in 
volume to 300-3-50 cc. On cooling, dibenzanthracene separates in com- 
pletelj' colorless plates v.ith a blue fluorescence in ultraviolet light, m.p. 
265-266' (cor.) (purest .sample, 266-266..5°). The recovery ordinarily 
amounts to 70-8-3%. H ith particularh' poor samples of crude hj'dro- 
carbon a second treatment v.ith lead tetraacetate maj' be required; this 
was true of a .sample melting at 2.50-2-5.5°, from which the recovery of 
thoroughlj' purified material was 50%. 

E xamp le 2. 1,2-Be nz a n t hr acene.”* ^ o-Tobi a-naphthji ketone is 
prepared bj* adding 23.4 g. of o-tolunitrile to the Grignard reagent 
from .50 g. of a-bromonaphthalene in 7-5 cc. of ether and 75 cc. of benzene. 
The mixture is refluxed for eight hours, cooled, and hjdrolj'zed v.ith ice 
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and 100 cc. of concentrated hydrochloric acid. The sparingly soluble 
ketimine hydrochloride ivhich crystallizes from the hyo-ph^e system is 
collected by suction filtration and hyulrolyzed by boiling mth rvater for 
one hour. The ketone crystallizes from the cooled mixture and is dis- 
tilled, b.p. 1 - 470.4 mm.; yield 37.8 g.^(7G%). After ciystallization 
from methanol the ketone melts at 59-61°. 

For pyrolysis,'" a mixture of 34 g. of the ketone and 10 g. of zinc dust 
is heated lor three hours in ametal hath kept at 410°. The liy*ocarbon 
is distaicd from the flask at 0.4 mm. and crystallized several times from 
benzene-alcohol, giving 17.2g. (64%) ofyclloiv 1,2-benzanthracene. For 
the removal of chgs-sogen by Cook’s method,"" the crude hydmearbon 
(17.2 g.) is refluxed with 1 g. of maleic anliydride m 50 cc. of benzene for 
three hours. The hot solution 13 then shaken ivith aqueous alkali and 
the benzene layer is filtered, concentrated to a small volume, and treated 
with alcohol, when colorless 1 , 2 -dihenranthraecne crystallizes, mp. 

*'ln”mpetition” of this experiment the crude 

MTolysis of 0 g, of ketone with 2 g. of zme dust was purified after distilla- 

?ion by passage through a tower of aetivat^ alumma m b™ 

This nlfordcd, after crystallization, a total of 2.75 g of colorless 1, 
benzanthracene, m.p. 159.5-100.5° (cor.), and 0 0 g of yellow product, 

“l;Z;r3'‘MSl2ihre.e.« 7-Me.hyl-t-(o-naphthoyl).hy- 
drfndene is prepared by condensing <>>« G-i^ard rea jnt from 195 g. o 
redistilled LromonaphtWene In " mil LSnine 

?r„“:«cmek”S:„e, Ob, ailed asalig^ 

b.p. 211-21472 T" ’ “ Stone is conveniently conducted in 

thriorSie^cLbinidforpu^^^ 

with a scaled^i. ritratM.itrite bath and heated 

free flame and then placed map bubbling is obsen ed 

for forty minutes at a I™!*”';? ^ ' andlydrocarbon 

(405^10°, uncor.). I" "" ‘>T>;X^™Vamiun,cd .0 6^ At the 
cleavage products „movcd from the healing bath, 

end of the period of heatm^ the _ „„_,ii„„r u inserted, the rcccn-ing 

cooled somewhat with a blast of air, a P ^ I distilled rather 

bulb is rinsed wi.li acetone. ™d “^^^iled .0 mmove traces of 
rapidly at 2-3 mm. prcssuie, and tlicn n. 

entniined tar. pyrolyscs consists of a bright 

The redistilled matenal from the three pyr i 
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3'ellow solid weighing 113.3 g. This is (hssolved in 400 cc. of benzene and 
the solution is cooled slightly and diluted wth 1 1. of ether. The bulk of 
the methylcholanthrene separates in a nearlj’^ pure condition as fine j’el- 
low needles (72 g.). This is dissolved in 500 cc. of benzene, and 300 cc. 
of ether is added; on cooling, the hydrocarbon separates as 3’ellow needles 
of high purity (63 g.), m.p. 178.5-179.5° (cor.) (purest sample, 179.5- 
180°). The mother liquor from this cn^stallization when concentrated 
and treated with 12 g. of picric acid affords 12.5 g. of methjdcholanthrene 
picrate, m.p. 176-177°. The oily material recovered from the original 
mother liquor is p3Totyzed again and the product distilled, ciystallized 
once from benzene-ether, and converted to the picrate in benzene solu- 
tion. E.ecr3'stallization affords 14.5 g. of satisfactor3' picrate, m.p. 
178-179°. The total 340^ of material collected as such or as the picrate 
is 77.1 g. (49%). 



CHAPTER 7 


THE CLEMMENSEN REDUCTION 

Buiorb L. Martis' 

E. I. du PonI de Nemours and Company, Inc. 

CONTENTS 

PAGE 

iNTRODrcnos 

Types op CoMPOUNoa Redcceb by the CixiniESSEs Method 157 

AJdehydes J57 

Aliphatic Aldehj'des 157 

Aromatic Aldehj’des 157 

Ketoses 157 

Aliphatic and Alicj'clic Kelooes 157 

ALphstic-Aromatie Ketoses 168 

Aromatic Ketones 159 

Keto Acids 159 

o-Keto Acids 169 

^Keto Acids 160 

Y-Keto Acids 160 

Other Keto Acids 160 

a,lS-U&saturated Carbonyl Compounds 161 

The Reduction of Other Functional Croups by Amalgamated Zinc and Hy>- 

drochloric Acid 161 

ExPERUtENTAl. PnOCEDURES 162 

General Discusdon 162 

Preparation of Zinc Amalgam . . . . 163 

The Clemmensen Reduction in the Absence of an Organic Solvent (Method I) 164 
Reduction of ^-(p-ToIuyl)-propioiuc Arid ... . ... 164 

Reduction of 2,4-Dihydrosy3celophenone .... . . 164 

The Clemmensen Reduction in the Presence of a Solvent Miscible with 

Aqueous Hydrochloric Acid (Method 11) 164 

Preparation of 4ChlorO'7-niethylindan 165 

Reduction of Y-KeCo-y-(2-fli{otwie)-batyrtc Acid . . . ... 166 

The Clemmensen Reduction in the Presence of a Solvent Immiscible with 

the Hydrochloric Acid {Method III) 166 

Reduction of ^BenroyJpropioajc Add 166 

Reduction of 5-(p-AiQsoyl)-proi»onie Add 167 

Reduction of Stearophenone 16? 


155 



15G 


THE CLEMMEX5EN REDUCTION 


pags 

Tile CieraineKJen R»yIuc*!on in the Presence of i?o!vents of Both Types 


.'Meth-xi IV) 

The Ciemmenion Reduction vritfa Unsrnni znmated Zinc ("Method V) , , . 1G3 

T.tBix or Coitporr.'DS RmrcED et the CLEirim.-SE:: Method .... 16(>-20'I 


nrXRODIJCTION 


The replacement of the oxygen atom of the carbonyl group in an alde- 
hvde or ketone by trvo hydrogen atoms through the u.se of amalgamated 
zinc and hydrochloric acid tva.s first employed in 1913 bj' Ciemmensen * 
and i; knoTm as the Clemmenscm method of reduc-tion. The process has 
been applied to a large number of aldehydes and ketones as a step in 
the STTithesis of polynuclear hydrocarbons and alkylated aromatic com- 
poimds, including those containing one or more phenolic hydroxti 
groups. It has also played an important role in the elucidation of the 
straeVures of highly complex natural produces. 

Tile formation of hydrocarbons from aldehydes and ketones by the 
Ciemmensen reaciion can be iliastrated by the follov-ing equations: 


RC— H 


> 
RC— R' 


4(S) RCH, -h HiO 

' HCI 
2- mx - 

4(11; RCHiR' -f H:0 


The method is of x>ec'uliar value becau.se nearly aU other reducing agents 
T,-hich have been employed convert aldehydes and ketones to the corre- 
sponding carbinoLs or pinacols, rather than to the hydrocarbons. The 
chief alternative methods of accomplishing the same transformation are 
catalytic hydrogenation and reduction with hT'drazine and pM-rH (IVoIfi- 
Kisimer method). 

The mechanism of the reduction by amalgamated zinc and hydro- 
chloric acid is not dearly imdeistood. K the carbinol is assumed to be 
the intermediate, then these same reagents should be suitable for the re- 
placement of an alcoholic hydroxyl group by a hydrogen atom. How- 
ever, with few exceptions, alcohols are nor sSected bj' zinc amalgam 
and hydrochloric acid. Only activated alcoholic hydroxt'l groups, such 
as those in ^hydroxy adds and benzyl alcohols, are removed by the 
C'lemmsn.sen reagents. 

The Wide use of this method of reduction has resulted in the develop- 
ment oi .several modiScation-s of the orimnal procedure. These consist 

1 45, ISSS flOISj-, (tj 47, 51 (1014,; fc) Etr^ 47, C51 11514). 
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primarily in the addition of solvents, in some cases miscible and in other 
cases immiscible n-itli the aqueous hydrochloric acid, and in methods of 
treating and amalgamating the anc. 

TYPES OF COMPOUNDS REDUCED BY THE CLEMMENSEN METHOD 
Aldehydes 

Aliphatic Aldehydes. TTie conversion of heptaldehyde to n-hepfane 
in 72% yield appears to be the only recorded instance of a Cleramenscn 
reduction of an aliphatic aldehyde. 

Aromatic Aldehydes. The number of aromatic aldehydes wluch have 
been subjected to the action of anc amalgam and hydrocldoric acid is 
not large. The originai procedure of Clemmen«en gives excellent results 
with certain phenolic aldch.vdcs hut is less satisfactory for the reduction 
of bcnzaldehyde. Robinson and Shah * obtained good yields from aro- 
matic oidehydes by carridug out the reaction in the presence of dilute 
ethanol with a specially prepared «nc amalgam. 

Ketones 

Aliphatic and AUcycUc Ketones. Aliphatic and alicyclic ketones of 
low molecular weight arc reduced smoothly, but those of liigher molecu- 
lar weight arc attacked only slowly. Apparently small amounts of un- 
saturated compounds arc formed as by-products from some ketones 
Both propylene and pinacol arc reported to be present in the products 
of t)ie Clcmmenscn reduction of .acetone.* WitJi ketones of the sterol 
series it is necessary to employ a solvent miscible uitli the hydrochloric 
acid to increase tho solubility of the carbonyl compound in the reaction 
mixture. Tliia modification of procedure is not desirable with the sim- 
ple aliphatic ketones, since with such compounds it favors the forma- 
tion of resinous by-products. 

No reduction of an aliphatic or alicyclic o-diketono has been described. 
The cyclic /3-diketonc, 5,5-dimcthylcyclohcxadionc-l,3, undergoes re- 
duction and rearrangement to 2,4,4-trimethylcyclopentanonc-l.* 
cir, CH, 

=0 CHr-l 1 

0 o 

‘Robinson and Shah. J. Chtm. Soe.. 1491 (1934). 

• Mullor, Z. Ehctrochtm., S3, 255 (1927). 

* Doy and linstoad. /. Chem. Soc,, 10G3 (1939* 
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Several other ^-diketones have been reduced vithout rearrangement-, 
some of the reactions have been interrupted to produce monoketones. 

Aliphatic ketones containing primarj’^,*'' secondary,® or tertiary ‘ hy- 
droxjd groups undergo reduction of the carbonyl group without change 
of the alcohol function. These obser\'ations, together with the fact 
that alcohols have been used satisfactorily as soh'ents, indicate that al- 
coholic hydroxjd groups are not ordinarily reduced by amalgamated 
zinc and hj'drochloric acid. However, the direct replacement of an im- 
activated hydro-xyl group has been observed in one case; 3-hydrox}"-7,12- 
diketocholanic acid is reduced to cholanic acid.® The reduction of 1,2- 
glycols, which has been obsen-ed with certain sterol derivatives,® maj' 
depend on preliminarj' dehydration to ketones which then react in the 
usual way. 

Aliphatic-Aromatic Ketones. Most aliphatic-aromatic ketones react 
normally, and numerous carbon3d compounds of this t3'pe, particularh' 
phenolic ketones, have been reduced b3' the Clemmensen method. C3'- 
clic ketones obtained b3’’ ring closure of 7-arylbut3Tic acids are also 
readily converted to hydrocarbons. Ketones of ver3" slight water solu- 
bilit3’- are best reduced b3’- emplo3'ing a hydrocarbon solvent and operat- 
ing in such a way that the amalgamated zinc is in contact with both 
the aqueous acid and the hydrocarbon solution (see p. 167). 

The presence of a carbox3d group attached to the aromatic nucleus 
frequently causes the reaction to proceed more rapidl3' and in e.vceUent 
3-ields.^ It is probable that the carbox3d group assists in maintaining 
the required concentration in the acid mixture 63' increasing the solu- 
bilit5' of the carbon3-l compound. 

The reduction of aliphatic-aromatic ketones containing one, two, or 
three hydroxs"! or methoxyl groups on the aromatic ring proceeds excep- 
tionally well. Quantitative 3-ields are obtained with the lower members, 
and even with the higher homologs the 3-ields are ver3' good. The reac- 
tion proceeds rapidl3’-, and in some cases it is possible to employ the 
color produced with ferric chloride as a control test.’® 

5 (a) Wieland and Martz, Ber., 59, 2352 (1926); (5) Qudrat-i-Khuda, J. Chem. Soc., 
206 (1930): (c) Riizicka, Koolhaas, and Wind, Helz. Chim. Ada, 14, 1151 (1931); (<0 
(Riuang, Ma, and Tien, Ber., 68, 1946 (19.35); (c) Friedmann, J. pralu. Chem., 146, 65 
(1936): CO Bardha n and Sengupta, J. Chem. Soc., 2520 (1932). 

' Marker and Inwson, J. Am. Chem. Soc., 61, 852 (1939). 

z Lutz and Small, J. Org. Chem., 4, 220 (1939). 

* Boische and HaUvrass, Ber., 55, 3325 (1922). 

» Marker, Kamm, Oaktrood. WitUe, and Lawson, J. Am. Chem. Soc., 60, 1067 (193S). 

Mikeska, Smith, and lieber, J. Org. Chem., 2, 499 (1938). 

a Cox, J. Am. Chem. Soc., 52, 352 (1930). 

a (a) Dohme, Cox, and Miller, J. Am. Chem. Soc., 48, 16SS (1926) • (5) Cox, J. Am 
Chem. Soc., 52, 352 (1930). 
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Side reactions accompany the reduction of many aliphatic-aromatic 
ketones, and in a few cases resinous products are formed in considerable 
quantities. Styrene, styrene polymers, and the pinacolone of acetophe- 
none (formed by rearrangement of the pinacol) have been isolated as 
by-products in the preparation of ethylbenzene from acetophenone.’’ In 
the reaction of 2,G-dihydroxj’vaterophcnonc with amalgamated zinc and 
aqueous hydrochloric acid, cleavage of the ketone has been obser\’ed, 
but in cthanolic solution the reduction is satisfactory Although most 
indandiones which have been studied react normally,” the indan pro- 
duced from 2,2-dicthyl-6,7,8,9'tetrahydro-l,3-o-haphthindandione by 
the ordinary procedure is not completely free of oxygen compounds, 
and reaction over an extended period jdelds the 2-alkyl-5,6,7,8-tctra^ 
hydronaphthalenc, formed by reductive opening of the indan ring.”* 

Aromatic Ketones. The reduction of benzophenone and its homologs 
by the original Clemmenscn procedure is reported to be unsatisfactory 
bwauso of the formation of tcslnous materials. On the other hand, p- 
hydroxybcnzopfienono fa transformed to p*hydroxycijphenyfinethane 
in quantitative yield. 2,4-Dihydroxy **« and 2,4,6.tribydroxybenzophe- 
noncs give the expected products in somewhat Joss satisfactory yields. 
o-Bcnzoylbcnroic acid is converted to o-benzylbenzoic acid, but reduc- 
tion ^ith zinc dust and alkali fa more convenient and gives better yields.” 
Either benzil or benzoin is transformed to diphenylethane in good yields 
by the action of amalgamated zinc and aqueous hydrochloric acLd,“ 
but the reduction of benzoin in the presence of ethanol affords stilbeno 
in good yield.” 2,4,6,2',4',C'-HexamethylbenziI is unaffected by zinc 
amalgam and concentrated hydrochloric acid. Anthraquinone and 
certain of its derivatives “ are reduced to dibydroanthracenes. 

Keto Acids 

a-Keto Acids. The carbonyl group of a-fceto acids is attacked under the 
conditions of the Clcmmensen reduction, but the products are the o-hy- 
droxy derivatives rather than the completely reduced acids. For ex- 
ample, phenylglyoxylic acid and its ethyl ester give mandelic acid and 

» Steinkopf and Wolfram, AnTi.. 430. II3 (I923J. 

'* Adama, Cam, and Baker. J- Am. Chem, See., 63. 2201 (I94l)). 

(a) V. Braun, Kirarhbaura, and Sehuhinann, ffer., 63, II5S (1920), (ft) Fleischer and 
co-workers, Ber.. 83, 1255 (1920), 86. 228 (1923). Ann., 422, 23i. 272 (1921). 

“ (a) Klarmann, J. Am. Chem. See., 48, 791 (1926). (ftj Klarraann and Dgdor, iftirf, 

48. 803 (1926). 

u Martin. /. Am. Chem. See„ SS, I43S (lfl3«). 

*• Ballard and Dehn, J. Am. Chem, Soe., *4. 3960 (1932). 

” Backer, StraUng, and Huisman, Bee. fros. cAim., 6S, 761 (1939). 
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otliyl inniulclnlc, rc5pcctivoly,*’ and ethyl O-flnorcncplyo.vylatc yields 
the corrcsitonding hydroxy ester.-'* 

^-Keto Acids. Tlie redtiction of n few cster.s of ^-kefo acids hn.s been 
inv&slipatcti. Ethyl aeetoaectate is Iransfonned to etlnd butyrate in 
.30% jncld, and ethyl itenzoylaeetate to ethyl h 3 'drociniiamate in .59% 
3 -icld.'^ The reduction of a ^-kelo ester of the bile acid series, the metlnd 
ester of 6-kctolithobili.anic acid,-' and of two bic.vclic di-OS-keto) e.s- 
Icrs “ is recorded. 

7 -Keto Acids. The most important acids of thi.s t%'pe are those ob- 
tainable bv the Friedel and Crafts reaction of .succinic anlu’dride or its 
substitution products with aromatic compounds or In' the action of an 
aryl Grign.ard reagent with .«uch .an anh.vdridc. The reduction of these 
keto acid.s In* one of the CIcmmcnsen proccdurc.s i.s satisfactory, al- 
though in certain c.a.=e.s .‘-'omc re.sinification occurs. A bimolecular In'- 
product, the dilactone of 7 , 7 '-diphcnyl- 7 , 7 '-diln'drox 3 'suberic .acid, has 
been isolated from /S-bonzoylpropionic aeid."^ 

^.Aroj’lproi)ionic acid.s nath methoxt'l groups attached to the aro- 
matic ring arc best, reduced in the pre'-ence of a solvent (toluene) immis- 
cible with the hydrochloric acid.*' ^-(4,8-Dimethox'3'-l-naphthoj'l)-pro- 
pionic acid j'ields 7-(4,S-dimethoxj'-l-naphth3'I)-butj7ic acid and an ab- 
normal product, 7-(4-methoxj'-.5-tetrah'l)-but}Tic acid.-' The formation 
of the latter compound involves the reduction of the ring carrj'ing the 
carbonyl group and the elimination of the raethoxj'l group from that 
ring. A side reaction in the reduction of | 3 -( 7 >-bromobcnzo\'l)-propionic 
acid results in the replacement of the bromine atom bj' a hj'drogen 
atom."^ Esters of ^-aroylpropionic acids undergo simultaneous reduc- 
tion and hj-drolj'sis to give T-arv'lbutj-ric acids.-' 

The Clemmensen reduction of purely aliphatic 7 -keto acids and their 
esters has not been studied c.xten.sivcly. Ethj'l levulinate yields ethyl 
valerate, but neither 7 -kctopimelic acid nor its dimeth}'! ester is re- 
duced. 

Other Keto Acids. 5-Keto acids and molecules in wltich the keto 
group is stUI further removed from the carboxj'l group react normalb' 
in both aliphatic and aliphatic-aromatic series. Thus, the reductions 

WUlicenus and WeitcracycT, Ann., 43S, 1 (1924). 

** Windaus, .4nn., 447, 233 (192C). 

— Guha, Ber., 72, 1359 (1939). 

5»Overbaugh, Allen. .Martin, and Fieser, Org. 15, G4 (1935). 

Fieser and Herehberg, J. Am. Chem. Soc., 58, 23S2 (193G). 

Fieser and Seligman, J. Am. Chem. Soc., 60, 170 (193S). 

5' (a) Fieeer and Peters. J. .4m. Soc., 54, 4373 (1932); (6) Haworth and Mavin. 

J. O.em. Soc., 2720 (1932). 

^Komppa, Ann. Acad. Sci. Fennicae, A51, Xo. 3 (193S) [C. A., 34, 2335 (1940)]. 
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of 7 -(p-anisoyl)-but>'ric acid,** of octacosan-14*one-l,2S-dioic acid ** 
{H02C(CH2 )i2C0(CH2)i 3C02H|, and of 22-phenyIdocosan-13-one-l-oic 
acid’® ICaIl3(CH2)eC0(CH2)uC02HJ have been reported. With the 
last two compounds extended periods are required for the completion of 
the reaction. 

a,)3-Unsaturated Carbonyl Compounds 

Little information is avmlaUc concerning the Clemmensen reduction 
of a-,(S-iinsaturatod compounds. Both the csrbon 5 d group and the ethjd- 
enlc linkage of unsaturated acids of the ^aroylacrylic acid type are 
reduced. Similarly, 2,3^phenylcyclopentene-2-one-l is converted to 
2,3-diphcnylcycIopcntane.** n-Butylbenzene is obtained in 60% yield 
from bcnzalacetone, but the major product from benr-alacetophenone is 
a bimolecular one, l,3,4,(Wtctraphenylbcxanc-l,6-dione.“ Isolated 
double bonds apparently are not aflected by amalgamated zinc and hy» 
drochloric acid. 

Chromanones are converted to cluomans by means of amalgamated 
zinc and hydrochloric acid;** c.g., 7-hydro\y-2,2-dimethylchromanone is 
reduced to 7-hydrow2.2*dimcthylchroinan.^* Acylated coumaring are 
reduced to alkj’l coumarins by the method of Clemmensen,” and it is 
reported that O.S*<iiethyl->5-hydroxj’-l-methylcoumann is obtained by 
the reduction of (i-acctyl-8-cthyi-5-hydroxy-l»meUiyIcoumarin.“* 

The Reduction of Other Functional Groups by Amalgamated Zinc 
and Hydrochloric Acid 

Compounds containing sensitive groups in addition to carbonyl some- 
times undergo reductions of more than one tj’pe. It was mentioned 
aboi-e that an cthyJenic link is reduced when it is conjugated with a car- 
bonyl group. The double bond of a,0-unsaturatcd acids, such as cinna- 
mic acid,” is also saturated by anc amalgam and acid. PjTroles ” and 

” Plant and Tombnsqn, /. Chtm. See.. 1092 (1933). 

” ItuiicLa, Itrugecr, Scidcl, and 8bin«, HtH CA>m. Aefo. II, 496 (1923). 

“ llilla and Robinaoo, J. Chtm. Soc^ 281 (1936) 

>' Scnpipta, J. Indian Chtm Soc., IT, 1S3 (IMO). 

Burton and Shoppoe, J Chtm. Sae., 567 (1939). 

« Dippy and I.e^Ma. Kee. Irat. ehim.. S6. lOOO (1937). 

” (a) Bridge, CrocLcr, Cubin, and HobertaiMi, J Chtm Soc., 1530 (1937): <!>) George 
and BolK'rtson, J. Chtm. Sue., 1535 (1(07), (e) Anderaon and Marrian, J. Biol. CAem , 
127, 647 (193(1). 

” (a) Chov-dhry and Dosai, Brae, /ndran AeaJ. 5c»» 8A, I (193S) [C. A . 32. 9065 
(103S)1, (b) lamaje and Umajp. Raaayanam (Suppi) (1938) (C. A., 33, 1693 (1939)). 

(e> tk-soi and EXhJ.ia. Proe. 1 ndian Acad Sn, 8A. 567 (1933) IC. A., S3, 3356 (1939)]. 

•• (a) Wibaut and Itackmaon. Bee fr«». eftin.. #1, 1157 (1932) . (6) Wibaut and Ooster- 
buia. MJ., 63. 941 (193-3.V 
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isoquinolines ~ appear to be easily reduced to pjTrolincs and tot rahr'dro- 
isoquinolines, and in one instance (p. ICO) the reduction of a naphthalene 
to a tetralin has been obscia'cd. The hydroxyl group of /S-hj'droxy 
acids and of benzyl alcohol is replaced b3’ hj'drogen upon treatment 
•aith amalgamated zinc and h\’drochloric acid. Tlie same reagent re- 
duces 7-arj'l-7-lactones to 7-arj-I but3-ric acids.’’ The halogen of a-halo 
acids and a-haloketones is suljstituted ly h3’drogen under the con- 
ditions of the Clemmensen reduction. IMth a few compounds the re- 
moval of a halogen atom attached to a benzene ring has been observed.^ 
When c:Miimeth3'laminoaeetophenone is reduced b3' the Clemmensen 
method the dimetlndamino group is removed and eth3']benzene is pro- 
duced.''’ Somewhat similar is the formation of eth3'lresorcinol from 2,4- 
dih3'drox3'-a-butox3’acetophenonc.'“ Under certain conditions, highb' 
reactive ketones such as 2,6-dih3’drox3walerophenone (p. 1.59) and 2,2- 
dieth3-l-6,7,S,9-telrah3'dro-l,S-naphthindandionc imdergo cleavage of 
carbon chains. 


ErPERTT.fF.RTAL PROCED'DRES 
General Discussion 

The procedure originall3' used b3* Clemmensen is satisfactory- for the 
reduction of man3- carbon3’l compounds which are appreciabl3' soluble 
in the acid mixture or which melt below the boiling point of the reaction 
mixture. The exact proportions of zinc and h3'droch]oric acid emplo3'ed 
are not of great importance provided that both are present in large ex- 
cess. Although most reductions reportexi in the literatiue have made 
use of 20-40% hydrochloric acid, many have been successful ■with acid 
as dilute as 5%. It has been shown that the product obtained from 
p-benzo3'Ipropionic acid in the presence of coustant-boiling h3-drochloric 
acid is not as pure as that obtained when concentrated h3-drochloiic acid 
is ■used. 

The reduction is carried out generall3' 63- heating the mixture under 
reflux for a period of four to ten houis. Longer reaction periods are re- 
quired in some mstances. Occasionally- it is desirable to carry- out the 

^ (a) Avre, Ber^ 67, S36 (1934); (Ji) A-sve and Unger, Bcr., 70, 472 (1937). 

^ Cook and J. Cherrj. Soc^ S27 (1933). 

® (c) ilartin, J. Ohem. Soc~t 58, 1-13& (193G); (&) Fieser and co-wo'^kers, {bid„ 58 
23S2 (1936); SO, 170. 1940 (1935); 61, S62 (1939); (c) Xewman and Orchin, {bid., 60, 556 
(193S); id) Hewett, J. Chem. Soc,, 293 (1940;. 

Clemo, Haworth, and 'SValton, J. Chen. Soc^ 236S <1929). 

« (o) Jolineon and Hodge, J. An. Chem. Soc., 35, 1014 (1913; ; (b) Fuate and Bisuc 
J. prcli. C7.em.. 146, 151 (1936). 

V. Braun and Weisbach, Ber^ 62, 2416 (1929). 

Hurd and Fodder, J. Ajtu Chem. Soc^ 61, 249 (1939j. 
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The Clemmensen Reduction in the Absence of an Organic Solvent 

(Method I) 

Reduction of /3-(/»-Toluyl)-propionic acid.'" A mixture of amalgamated 
zinc (prepared from 100 g. of mossj^ zinc and 5 g. of mercunc chloride 
as described above), 75 cc. of water, 175 cc. of concentrated hydrochlonc 
acid, and 50 g. of /3-(p-toluyl)-propionic acid is refluxed vigorously for 
ten hours in a 1-1. round-bottomed flask. A 50-cc. portion of concen- 
trated hydrochloric acid is added eveiy three hours during the heating 
period. After the reaction mixture has been cooled to room tempera- 
ture, the solid 7-(p-tolyl)-butyric acid is collected and washed with 
small amounts of cold water. The filtrate and washings are combined 
and extracted with three 75-cc. portions of ether. The solid product is 
dissolved in the combined extracts and, after filtration from a small 
amount of insoluble material, the solution is dried over calcium cldoride. 
The solvent is then removed and the residue is distilled under diminished 
pressure. The product, a colorless oil, crj^stallizes to a white solid melt- 
ing at 61-62°. The yield is 41 g. (88%). 

Reduction of 2,4-Dihydroxyacetophenone.’‘’ ” A mixture of 
amalgamated zinc (prepared from 200 g. of mossy zinc and 10 g. of mer- 
curic chloride as described on p. 163), 150 cc. of water, 150 cc. of con- 
centrated hydrochloric acid, and 50 g. of 2,4-dihydroxj'acetophenone 
(resacetophenone) is refluxed in a 1-1. round-bottomed flask imtil a drop 
of the liquid in ethanol ^ves no color with aqueous ferric chloride. A 
portion of about 10-15 cc. of concentrated hydrochloric acid is added 
hourly, ‘\^^len the color test indicates the reaction to be complete (three 
to fom: hours) the mixture is cooled and the solution is decanted from 
any imchanged zinc amalgam. The solution is saturated with sodium 
chloride and extracted with ether to remove the reaction product. Re- 
moval of the solvent jields a light yeUow' solid which cr3'’staUizes from 
benzene or chloroform as thick white prisms, m.p. 97°. The jield is 
44 g. (97%). 

The Clemmensen Reduction in the Presence of a Solvent Miscible 
with Aqueous Hydrochloric Acid (Method H) 

Certain carbonyl compoimds which are not appreciably soluble in the 
acid mixture are reduced with difficulty by Method I. In such cases 
the reaction is often facilitated by the addition of a solvent, such as 
ethanol, acetic acid, or dioxane, which is miscible with the aqueous hy- 
drochloric acid. For example, bilianic acid is reduced by means of ? 


Brewster and Harris, J* Am. Chem. Soc., 52, 4866 (1930). 
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mixture of acetic and hydrochloric acids,** and v*(3-phenantluyl)-bu- 
tj-ric acid is obtained in 50% j-ield by the gradual addition of concen- 
trated hydroclJoric acid to a nuxture of |S-(3-phenanthroyl)- 

propionic acid, acetic acid, and aroalgaroafed zinc.« The use of acetic 
acid as a solvent in the reduction of a number of natural products has 
become standard practice (see p. 197). In some cases it is used without 
the addition of hydrochloric acid. 

Ethanol is employed to increase the solubility of a-, p-, and -r-keto 
esters.*’ It h.as been reported that 7-kcto-y-{2-fluorene)-butjTic acid is 
unaffected by the Clemmensen reduction according to Method I, but 
that it is reduced almost quantitatively in the presence of aqueous etha- 
nol.** The cleavage of 2,6-dihydroxj'\’alerophenone is avoided by car- 
i;>*mg out the reaction in aqueous efhanol," and the reduction of other 
hydroxj’phenyl alkyl ketones is assisted by the same sohtnt.” The 
gradual addition of an ethanolic solution of the ketone or aldehyde to a 
refluxing mixture of aqueous hydrochloric acid and sine has given excel* 
Jentidclds of reduction products from various indaaones " and orofflatio 
aldehydes.* The preparation of 4-cbloro-7-methylindan illustrates this 
procedure. 

Preparation of 4-Cbloro-7-metbyliiidaQ.’’ A solution of 100 g. of a 
mixture of 4-chloro-7-melhyI-l-indanonc and 7-ehloro-4-incthyH'inda' 
none ** in 500 cc. of ethanol is added in portions, over a period of four 
to five hours, to a refluxing mixture of 100 cc. of water, 40 cc. of ethanol, 
230 cc. of concentrated hydrochloric acid, and the amalgamated zinc 
prepared from 350 g. of granulated me and 17.5 g. of mercuric chloride 
(see p. 163). After tlie addition is complete the mixture is refluxed for 
ten hours, during which time 200 cc. of concentrated hydrochloric acid 
is added in portions. The mixture is cooled; the aqueous layer is de- 
canted and, after Elution with on equal TOlume of >vatcr, is extracted 
t^icc with ether. Tlie greater portion of the product is rcco^’ered by 
extraction of the rinc residues with ether. Any lumps of material must 
be broken up to facilitate the extraction. The ether extracts are com- 
bined, and, after removal of the solvent, the residual oil is steam-distilled 
from an aqueous solution of sodium hj-droxide. The colorless oil is 
sep.arated from the distillate, and the aqueous layer is extracted with 
ether. Tlie oil is combined with the ether solution and, after dTjang 
and removal of the solvent, is distilled under diminished pressure. The 

Borsche and Rosenlrnni. Ber., 83, Zi2 (1919) 

« Haworth and Mavin. J. Chem. Soe . 101> (1933). 

® Koclsch, J . .!«. Chrm. Sac.. 88, 3SS5 (1933). 

“CoiUthard. MarahaU. and P>maii. J. Ckem. Sac., 2S0 (1930). 

** Fifs<*r and S^Iigrnan. J. ^ac.. 97, 9t3 (1935). 

w Pxoaer and Seltrnian, J. Am. CArm, 99, 24S3 (1936). 
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product is a colorless liquid b.p. 132-133°/2o mm. The 5 deld is 88.5 g 

Reduction of 7-Keto-7-(2-fluorene)-butync Acid.'*’ A muxture of 90 g. 
of 7-keto-7-(2-fluorene)-butjTic acid, 450 cc. of ethanol, 450 cc. of con- 
centrated hydrochloric acid, and 180 g. of amalgamated zinc is refluxed 
for one hour. A second 450-cc. portion of concentrated hydrochlonc 
acid is then added, and refluxing is continued for eight hours. The mix- 
ture is cooled, and the solid is collected and dissolved by boiling with 
1000 cc. of 5% aqueous sodium hydroxide. After filtration and acidifi- 
cation the 7-(2-fluorene)-butj'ric acid separates. The jneld of crude 
product is 85 g. It is readily purified by recrystallization from acetic 
acid followed by rec^J^stallization from benzene-petroleum ether, jneld- 
ing white plates, m.p. 151-151.5°. 

The Clemmensen Reduction in the Presence of a Solvent Immiscible 
with the Hydrochloric Acid (Method HI) 

A large number of carbonyl compounds have been reduced in poor 
ydelds by Alethods I and 11, and, especially in the cases of certain keto 
acids, the diflSculty has been ascribed to the formation of insoluble poly- 
molecular reduction products which coat the surface of the zinc.^' The 
addition of a hydrocarbon solvent, .such as toluene, which is inuniscible 
\rith the hydrochloric acid is beneficial in those cases because it keeps 
most of the material out of contact nith the zinc, and in the aqueous 
layer the reduction occurs at such a high dilution that poljTnolecular 
reactions are largely inhibited. 

The modification is particularlj"- advantageous with keto acids which 
contain methoxyl groups. Such compounds may .suffer hydrolysis of 
methoxyl groups during the reduction; consequently it is desirable to 
treat an alkaline solution of the crude reaction product with methyl 
sulfate, in the presence of a trace of sodium hydrosulfite if darkening 
occurs during methjiation, to recover any demethylated material. 

Certain extremely insoluble compounds cannot be reduced bj^ this 
method unless both the aqueoxis layer and the hydrocarbon layer are in 
contact with the ziuc. 

Reduction of jS-Benzoylpropionic Acid.*^ To 120 g. of moss 5 ^ zinc, 
amalgamated as described on p. 163, 75 cc. of water, 175 cc. of concen- 
trated hydrochloric add, and 100 cc. of toluene is added 50 g. of ^-ben- 
zoylpropionic acid. The mixture is refluxed briskly for twenty-four to 
thirty houre, during which time a 50-cc. portion of concentrated hydro- 
ty chloric add is added every .six. hours. The solution is cooled to room 
‘C temperature, the aqueous 1' ’Separated and, after dilution with 200 
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cc. of water, is extracted mth three 75-cc. portions of ether. The com- 
bined ether and toluene solutions are washed with a little water and 
dried over calcium chloride. The solvents are removed by distillation 
under diminished pressure, and the residue is distilled. 7 -PhenyIbutyric 
acid, b.p. 17S-1S1V19 mm., is obtained as a colorless oil which solidifies 
to white crj-stals, m p. 46-18®. The yield is 41 g. (90%). 

Reduction of ^(^Anisoj'l)-propidnic Acid.*^ To 120 g. of mossy zinc 
amalgamated os described on p. 163 are added, in the order given, the 
follon’ing: 75 cc. of water, 175 cc. of concentrated hydrochloric acid, 
100 cc. of toluene, and SO g. of f{-(p-anisoyl)-propionic acid. The mix- 
ture is refluxed briskly for forty-eight hours, during which time a 25-cc. 
portion of concentrated hj'drochloric acid is added every six hours. The 
solution is cooled to room temperature; the aqueous layer is separated 
and, after dilution nith 200 cc. of water, is extracted nith three 75-cc. 
portions of ether. The toluene and ether extracts arc added to 300 cc. 
of 5% aqueous sodium hi'droxido, and the solvents are removed by 
steam distillation. 

The residual alkaline solution is cooled to SO®, and 5 to 10 cc. of 
methyl sulfate is added. If necessarj', aqueous sodium hydroxide is in- 
troduced to keep the solution alkaline. After the mixture has been 
shaken or stirred for thirty to forty-five inintites, the excess alkali is 
neutralized and the solution is treated nith charcoal. The colorless or 
yellow filtrate is cooled to 10® and acidified by the slow addition of h>’- 
drochloric acid. The mixture is kept in an ice bath until the precipita- 
tion 0 / tho product is complete. It is then filtered and the solid is 
washed nith a little cold water. The crude material, obtained m quan- 
titative yield, is sufficiently pure for most purposes. For purification it 
is dissolved in ether and the solution is filtered from any insoluble ma- 
terial. The solvent is removed and tho residue is distilled under dimin- 
ished pressure. The jdcld of 7 -(p-anlsyl)-butjTic acid, b.p. lS2-180'’/4 
mm., m.p. 61-62®, is 43 g. (94%). For further purification the acid may 
be rccrj'stallized from petroleum ether (b.p. 30-60®). 

Reduction of Stearophenone." Mossy zinc is added to a weighed 2-1. 
Er]enjiie 3 -erfl.‘isk untilsLayerabout Scm. deep isformed. The weight of 
the zinc is determined, and the metal is amalgamated by treatment with 
the appropriate amounts 0 / njercuric chloride, TOter, and hydrochloric 
acid (p. 163). To the zinc ama^am is added sufficient concentrated 
h 5 'cfroch/oric acid (0 cover about one half of it, faUonvd by a solatloa 
of 250 g. of stearophenone in 750 cc. of :^'lene. The mixture is heated 
under reflux for seven hours, during nhich time gaseous hydrogen chlo- 
ride is passed into the bottom of the flask to replace losses. The xylene 
laj-er is separated, the solvent removed, and the product distilled, b.p. 
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220-235°/5 nun. A residue of about 30 g. of a hea^T oil is discarded. 
The distillate is dissolved in 750 cc. of xjdene and treated nith another 
portion of zinc amalgam and hj'drocbloric acid as described above. 
The product isolated, b.p. 195-205°/4 mm., m.p. 33°, weighs 190 g. 
(77%). Crystallization of the n-octadecylbenzene from ether jdelds a 
product of m.p. 35-36°. 

The Clenunensen Reduction in the Presence of Solvents of Both Types 

(Method IV) 

Certain carbonjd compounds of ver}’’ shght solubilitj' are reduced in 
the presence of toluene onl 3 ’^ when a small amount of a solvent such as 
acetic acid, ethanol, or dioxane is added to the reaction mixture. The 
water-soluble solvent effects a satisfactory distribution of the compound 
between the two laj'ers, permitting a low concentration of the material 
in the aqueous layer. 4-H5'droxj’’-3-phen5'lpropiophenone,“ and 4- 
methyl-l-keto-l,2,3,4-tetrah3’’drophenanthrene ^ have been reduced b 3 ' 
this modiffcation in 3 'ields of 74 and 94%, rcspectiveb'. The experi- 
mental procedure is essentiall 3 ' the same as that of Alethod III. 

The Clemmensen Reduction with tTnamalgamated Zinc (Method V) 

Unamalgamated zinc has been emplo 3 -ed successfull 3 ’ with chloroge- 
none, cholestanedione-3,6, cholestanone-7, and other ketones of the 
sterol famil 3 *.“ The compound to be reduced is dissolved in 95% etha- 
nol, and 20-mesh granulated zinc is added. To the boiling mixture small 
amoimts of concentrated h 3 '^drochloric acid are added over a period of 
several horns. Apparently this procedure represents another modifica- 
tion suitable for ketones of very low water solubilit 3 *. 

TABLE OF COMPOUNDS REDUCED BY THE CLEMMENSEN METHOD 

In the following pages the compounds which have been reduced by 
the Cle mm ensen procedure are tabulated. Since man 3 ’ of these reac- 
tions were carried out before the development of the modified proce- 
dures, it is likel 3 ^ that in many cases the yields reported do not represent 
the maxima now obtainable. 

The compormds in the table are grouped according to the nmnber of 
carbon atoms present. The method of reduction is indicated, and the 
3 deld is included if it is available. The nature of the product is ^ven 
onl 3 ' when the reaction follows an abnormal course. 

Hams and Pierce, J. Am. Chem. Soc., 62, 2223 (1940). 

“ Bachmann and Edgerton. J. Am. Chem. Soc., 62, 2219 (1910). 

“ Marker and Rohrmann, J. Am. Chem. Soc., 61, S46, 946, 12S4, 2719, 3314, 3479 
(1939). 
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C|-^7 


Formula 

Compound 

Method 

Yield • 

Refer- 
ence t 

CtirijO, 

PenlinoI'I-one-i 

I 

70 


C.IIsO, 

H.P. J rv-Amyl alcohol 

Cyclohexadione-l.d 

I 



c,n,«o. 

EthjI arcfoaccialo 

U 

30 

33 

C.HtOV, 

l-5-aininoacetyIirnjdazoIe 

I 

0 

41S 

1 

CjHtO 

Bcnzaldcbjdo 

I 

46 

CtUitO 

n-rfcpfsnal 

I 1 


33 

1 

Ciir.o, 

Salicj laldehyde 

I J 

70 1 


c,n,o, 

m-Hydroxybcnzaldebjdo 

I 1 

40 

2 

CtlltO, 

i )i-II}dr03Eybeuisldehyde 

I 

05 

2 

C,H,0, 

:,4-Dthy<lroaybeazal<l«bydo 

I 


3 

CtHtO, 

S.d-Dibydrotybcnziddrbyde 

r 

11 

1 


«r 

253 

278 

CtHitO, 

Ethyl letMlinata 

n 1 

S5 

33 


C, 


c,n,o 

Acetophenone 

I 

r 

so 

so 

33 

1 


nz and lninz-d-BiC)rrlo-0:3:9)^unone 

11 

— 

153 

c,n,,o 

8,&-DitnethylcycIobezene-2.one-l 

I 

— 

2S5 

C.«,0, 1 

p-IIydrozyacctopbenone 

1 

Q 

3 

CtHitOt 1 

S,5-DimethylcycloheTadione-1.3 

I 

— 

IS2 

c,it,o, ' 

Phenylglyozjlic acid 

R.P i Mandelt? acid 

I 

70 

38 

CrUiO, 

3,4-Dibydrotj acetopbcoon® 

r 

75 

2 

CtllsO, 

2,4-Dihydrosyac*1ophcnone 

I 

I 

I 

I 

Q 

Q 

82 

Q 

5 

103 

57 

c,n,o, 

2,6-Dihydroayac<l<^henon® 

I 

49 

390 

CiHsO, 

2.5-Dihydroiy3cetopbeiiono 

I 

I 


S 

426 

CilItQt 

2-IIydroxy-3-nie{hosybcnzaldehydo 

I 

49 

87 

c,n,o, 

2.4-Dihj'drozy-5-nieth>lbciizaldehyde 

II 


253 


•Q. }ield MporWdM qusntilstiT*. G. tmM »e»ort«d •* «Pod. P. y>«W reported u poor. A daili 
indmtes (hst the jneld is not reported 
t Reference numbere refer to the biUio«T»|*r«a PP SM-SW 
J It P.J redurtjoa product 
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Compound 



Refer- 
ence t 

C*SiiOi 


I 

72 

17S 


^{Cvc3opei3tanoiie-2)-prop:oiiicnc:d j 

I 

7^ 

ISO 

CvH.Oj 

2,4,6-Trihj-drozy2ce{opheaoae 

I 

4S 

457 

CiH.O, 

2.3,6-Trihydroxy-4-Eaethylbenzaldehyde 

I 

— 

79 

CiH.Oj 

2,3»4-Tri}iydroxyacetopbeiioce 

I 

95 1 

2 

CsHcOS 

Thiochromanone 

I 

j 

47 

C=HnOX 

2-Keto-octaLydropyrrocoline 

I 

27 

250 

CjHiiOX 

T-Keto-octahydropyrrocoHne 

I 1 

40 

439 

CtH^iBr 

2-HvdToxy-o-bromoacetop'henone 

I 


164 

GiHrO;C! 

2-HvdroxT.'-5-cbloro2C€topbenone 

I 


41 



I i 


165 

CsHfOiOi ! 

3,5-Dichioro-2-hydroiyncetophcnone 

I 

WBm 

-^55 

CjHKJiBr j 

3,4-lIHiiydroiy-5-bromo2cetophenone j 

I 


403 


E-P^ 4-Ethylre£orciiiol ! 




c.HiOia 

o-Ch!oro-3,4-dihydroiyacetophenone i 

r 

G 

5 


R.P-t 3,4-Diiiydroxyethylbenzene ! 




CiHtOiCI 

2,4-Dihydroiy-o-chloro3ce40pbenone j 

I 

mgm 

167 



I 


403 

CsHiOiBr. 

2,4-Dihydro3:y-3,5-dibroa50scetopbenone 

I 


103 

CsHfOiCl* 

2,4-rHhydrory-3,5-dicbloro3cetopbenone 

I 


103 

C^HiOiS 

g-(a-Tliena 7 l>-prop:oaic add 

■1 

B 

46S 


Cs 


CsHiO 

Indanone-l 

I 

90 

3 

CiHr.O 

Propiopbenone 

I 

90 

1 

CsSjO 

Benzjd meth^'l betone 

I 

90 

1 

CJSj.O 

m-Methyiaceiopbesone 

T 

G 

19 

Ci3J^ 

p-^Iethylaceiophenone 

I 

— 

19 

CsHi^ 

Z-iren^^hydrindanone 

I 

— 

ISl 



I 


173 

CjHuO 

2^I>imeih;.‘i-3-beto-b;cyc!o(l :2:2)heptane 

I 


24 

CvHaO. 

p-ilethcnyacetopbssione 

I 

59 

5 

CiHnO. 

p-Hy droTj-propi opbsnone 

I 

Q 

2 



n 


91 



I 

73 

141 

CsH-O; 

2-Hydroiypropiopbcnone 

I 

71 

141 

CiHuOi 

2-^Ietbyi-4-iiydroiyacetopbeaoi:e 

I 

99 

73 

CiHaO; 

4-'Eydroxy-2.3-diir*cibyJb?nza!debvds 

I 


i 

aH-.:0. 

4-Hydrosy-2,6-dimeihylbenzaIdenvde 

I 

40 

75 

CiH-O; 

2-Hydroi:.'-4.5-^nieihyIbenz£!debvde 

I 



75 

CjHiiO; 

4-Hydroxy-2,6-dimethyibenza!dei2x*ds 

I 

73 

74 

C^HuO; 

2-Hydrox>'-3-metbx"l2cetapbe:iOiie 

I 

— 

41 



I 

79 

74 

CiH:-.0. 

1 2-Hj'drcay'-4-n:etbyiacetopbenone 

I 

J 

To ' 



^ Q, «5 G, repc:rted ss Ewsd; P, yi^ as peer. A d^: 

t Hesre^LCjB; Tizer to tLs HbBosrspiT ca pp, 201-2C9. 
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Formula 

Compound 

Method 

Yield * 

, Refer- 

CellieO, 

d-IIydroxy-S-methylarelophenone 

I 

— 

73 

CiUioOj 

3.4-Dim«tbQ3yben2aldehyde 

I 

31 

228 

CiirieOj 

2.4-Dihy<lrozy-3-ctliylbenxaIdehy(la 

11 

S7 

161 

CiHieOj 

2,4-Dihydrozy-&-eUiylbenialdehyda 

II 



161 

CfllioOj 


n 


91 

C,H,oO, 

2,4-Dihydrozypropiophenoiie 

I 

60 

67 

CjIiioOj 

2,4-Dihydrozy-6-inethyIacetophecK>iM 

I 

55 

161 

CiHioOj 

2,6-Dihye{roxy-3-meUiylacet<>pbeaone 

IXf 

67 

312 

CenieOj 

2,&-Dihydroxypropiopt>ebone 

I 

75 

390 

CiHioOi 

2.4-Dihydroxyprop)opt>enono 

1 

— 

406 



I 

Q 

5 

C,H,oOj 

2,5*Dibydrozyprol4opbenone 

I 

30 

426 

CiUiiO, 

2.3,3-Trimethylcyc1openlcnc-t-on«-4-car- 





boxylie aeid 

I 


2S6 


R.r.l l,2,2-TniDeU>yl-3-cyclopepton«<'ar> 





bozylie and 




C,H,0< 1 

a-Awtyl-S.d-diJiydwzybcnzaJdebydo 

II 


330 

c,n,o, ' 

3-A(«tyi-2,9-dibydroxybenzaldehyd« 

II 

44 

330 

C|UioO< 

2,4,&'Ttihydrozypropioph«noQe 

I 

45 

457 

CtlliOi 

3'Carboiii<tboxy-2.C^ibydroxybeo»aldchyds 1 

II ! 

72 

278 



I 


248 

le'lii leUl 1 

Dimethyl r'l:«e«p>m»Iat« 

11 

0 

409 

CtHiOi 1 

Dicyclo(3 2 I)bcptaDe-3.7^ion«.1.2Hdicar> 





boxylio aeid 

I 

— 

414 

CtHjOBr 

4-Brom>l-irtd3n«n» 


77 

335 



11 

77 

105 

CiIIjOCl 

4-Cbloro-t-indanotto 

11 

— 

327 

CtlliOiBr 

3-Dromo-6-hydroxypropiopbenone 

I 

— 

184 

C.n,OiCl 

3-Chloro-0-hydroxyprop«>pbrnon« 

I 

— 

ICS 

C, 11,0, Cl 

3-Chloro-f-nir(byl-<l-bydroiyaec{«ph«itona 

t 

— 

265 

Catt.Oja, 

. 3,5-Dichloco-2-h:^rozypropiophenono 

I 

— 


CiIIiOiCl 

1 3-Cbloro-4,6-dibydroxypropiopbanone 

I 

— 

406 

C,1I,0]Dr, 

3,5-Dibromo-2,4-dihydtoxypropiophcnono 

I 

— 

103 

C,II„ON 

. 4-KeU>-6,5'-dinielhyld»-(1.2)pyrtoli<lioo 


— 


c,a„ON 

1 S-Methj'l-U-ictP-ortabydrppyrrocolino 

1 

— 



R.P t 3-Ilydroxy-2-metbylocUbydropyTrorO' 









c,n.,oN 

S-Methyl-r-keto-crtabydropyirocoIina 



419 

c,n„oN 

S-KeUMCtabydropyridoroliiM I 


43 


C,H.,ON 

1 4-Ketodecabydro<|ui»olin» 

I 



C,II,iON 

l-Keto-actshydropyndocoliDQ 

I 



c,n„ON 

2-Keto-(Ktahsr]ropyndoaJiB9 

I 

33 

213 

C,II,OS 






R.P 7 l-MethyUhiophthalan 




C,IIi,OS 


* 

73 



• Q. rjew reported M O, JmU wortwl u t'-ad. P. yield reported «i poor A die*- 

iadicstee that tb» yield la not reported 

t Ttererenoo numbera refer to tho biblio^nplij PP SOI -200 
t Ftp. roduetioB produet 
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Cjg 


Forrnvhi 

Co23pol3EQ 



Eefer- 
enoe f 


l-Methyi-2-(3-p5-n dyI>-pyrro!e 

{ 

I 

70 

ur 

CuHrX! 

l-iIethyi-5^(2“pyridyl)-pyrToIe 

I 

12 

105 

CiJluO 

Besialscetore 

I 

50 

2>S 

C:rHjjO 

4-Ethylacetopheno2e 

I 

— 

39 



I 

— 

76 

CvJItiO 

4-Pheayl-2-Vj'tsnor;s 

I 

Q 

1 

CtsHijO 

BatyropbesoTie 

I 

ss 

I 


S^Diin etnyiacglopbenone 

I 

so 

31 


S-bi et aylpTo pif/pbeaone 

I 

G 

19 

Ci-HuO 

4-ifetby}prop:&pb«?>2e 

I 

00 

19 

C,:H„0 

frcfif-5-Decslor'e 

I 

- 

-^5 


cw-'3-r)e<r2loa e 

II 

75 

133 

C..JH:cO 

8-iIetliyIb>-driEctaEon6-6 

I 

- 

440 


fe"ib7l-245opTGpyl-b:cycif>(5 * 1 tCr •^;bc3:- 





asjOtie-.l 

I 

2? 

235 

CjvHiiO 

d-Hr^jOTie 

I 

50 

235 

Cv-HiiOj 

S-EtBrf-^-bydrtrij'-o-JBetiijibKirsIsiebrde 

I 

00 

74 


5-HlbyI-^h5'<iroxy-3-c:s'tiiyibea2i.Id£:bvde 

I 

CO 

'■i 


2-Hydroiy-5,4,^t:irn€fthy5b£rLialdfebyde 

I 




S-Hycro^y*2,4,0“trTia^tsyib22zai!!>'tliyds 

I 

— 

60 

Ci^HnOi 

4-E‘tboxyac:%tfjpbe::o:ie 

I 

5^ 

5 

C..-.H-Oj 

5-Etird-2-b3'drcrryacelopber.(:^as 

I 

so 

73 

C;;Ht:Pj 

2-Hy droi7-3 

I 

CO 

73 

Cz-MiiPz 

S-Hycr0iy~,<J-dii2etayi2cet<7pb€^ijarne 

I 

75 

S 

UiliijsOi 

2-Hydjory-4-.5-^s:ethvlac>etr>pb«i.o=e 

I 

76 

74 


5-Hydroxy-2,4«-diiaetby!a;c^tc»pheiioa.e 

I 



73 


4-Hydroiy-3,.><i:irLetbvi£C€»<7pheiiCfa£ 

I 

40 

73 


4-Hy<irOTy'batrt?pheai>^ 

I 



451 






91 


2-Hyd^oIy-.^r=£^^rr3pTop:',pbED^l'e 

I 



41 


S-3Ietlrrf2rrdTi;dioz.'^0 

I i 



440 



I 1 



lS-5 

C::HwO, 

2,^I?ibvdrrTrT'S-r>TCti:nTrrity^T?T:>-7d‘>Vr 

ii j 

1 

370 


Btnyi pb^— ylc^yoxxis-te 

n 

37 ! 

3S 


R-P4 Et=ri E^i:d«!£te 

/ 

: 


CiiHiOz 

^B-etiz^ay^rop^aid^ esd 1 

m j 

00 ; 

400 



m >. 

20 ! 

465 


i 

I 1 

? 

464 



■IS 

SI 

465 



I ! 

Oi 

455 


2.4-IHfcydrty;yr?^trrTT^.'^ff/«- r.— g. : 

1 1 


57 


5-Bta7i-2,4-dfhyGroryai5etopa6— rTiui ! 

I i 

S2 1 

so 



I 1 

1 

454 



I 

- i 

240 

Cv.H3;0: 

i .^EtVl-2.4-diiTd.'OiyE;^topi;»r.-3tie | 

I 

j 

291 








COMPOUNDS REDUCED BY THE CLEMMENSEN METHOD 173 


rormuts 

Compound 

Method 

: Yield ' 

, Refer. 

eneet 

c,c,n,,o, 

3'It)'droey-4*metboTyproi>io|AonoDe 

11 

_ 

91 

CiolIijO, 

2,4-Diliydrox>*-3-inot)^lpropiophenoQe 

I 



376 

CioKuOj 

2.4'DihyrIroTyph(-tiyl isopropyl ketone 

1 

71 

110 



I 


53 

tJi(dl|jU| 

2,5'DihydrojybatyToj*caiM»o 

I 

30 

426 



I 


239 

UiotlijUj 

O.G'Dibj-droxybutyropbenone 

I 

75 

390 

Cioiri.Oj 

CyeioDentanespiroeycIoponten-S-ono^ 





carboxylic ecu) 

I 



43S 

t-'ioflieU) 

4-I\e1o-5-cyclop*ntylT»lcric acid 

I 

— 

441 

CioHuO, 

(I,0-DimethytcyeI<^exanone-3)-«cetje acul 

I 



70Q 

CioIlioOi 

1,3'Diacetj 1-4.6-dibydroxybenxeae 

I 

82 

86 



I 

— 

54 

Cieii loVir 

0-2'IIydroxybeDxoylpropioDie ecu) 

I 

— 

4S2 



III 

96 

403 



I 

-> 

432 


S,4,0-Trimetl>oxybent«ld«b)-de 

I 

0 

in 

CioHiiOr 

j.EUiyl-SiS.^-Trjbydroxyacetoplienooo 

I 

75 

s 

CisHijOt 

2-nydroTy-4*fd-hy<iroxyethoxy)ocewphci>one 

I 

90 

1S4 

tJiotl l|Ut 

2i4,&-Trthydrosybutyrophenon» 

I 

66 

457 

CioIIitOi 

3-Carboiy-l-hydroxypropiopbenone 

I 

— 

SO 

CioHirOt 

3*Acetyl*2.0-dibydtosyeretopbenone 

I 

46 

201 

Ci«Hi«Oj 

S'Carfcoxy-S.S-diniMbosybcPfaldrbyde 

II 


278 


1 3<;atboxy^rn«tbylcyclopentnTiooo-2-^ 





1 propionie acid 

I 


1 412 

(JioHiOUr 

4*Brcmo-7-inetbyl*)->ndeQone 

rr 

' 87 



7*Ilromo-(*ni«thyl-l>m<larK>ne 

ii 

87 

176 

CioIUOCl 

i 4'Chlori>-7*meth>'l-)*indanon« 

II 

OS 

223 

CioII,OCl 

7*Chloro-4*methyt*l-indaoone 

11 

95 

223 

CieltiOCl 

4-Cldon>6-melhyl-l-indanono 

II 

78 

305 

C„H„O.Br 

3.Brom(]-?-bydn>xyt)u(yropbenoD« 

I 

— 

164 

CioHiiOia 

6.Chlon>-3-ethyl-2 bydroxyarctophenone 

I 

— 

41 

Ci,KuO,Cl 

5-Chloro-2-hydtOxy-4-wethylptopiophenonO 

I 

— 

165 

CwIIitOjCl 

i-CWoro-2 bydroxybutyropheiione 

I 

— 


CioIIioOiCli 

3,5-Dichloro'2-hydroxybu»yiophcngiio 

1 



Ci„ir,o,Bf 

^-4-Dn?niobci»xoyJpn>pi(>D»c acid 

III 

75 

2C3 

CioH,iO>a 

5-Cbloro-2,4-dibydroxy butyropbenono 

1 

79 



1 


167 

Ci,n„ON 

(O-Dimetbyiaininooretoplienone 

U.P.t Ethyl benxerie 

I 


96 

C,JI„ON 

Ethyl (3,5^>mctbyl-2-prTidjl) ketone 

R P.t Ethyl (3A-dimrUiyl-3-pyndyl) caibinol 

I 

“ 


CioITijON 

l-I\etr>-3-methy loclabydropyndocoliaa 

I 

— 


C,eIF„ON 

OiftHiiOS 

l-Kcfo-3-nietby}oct«bjdropyndocolioe 
o 7-Dimethyl-3-keto-3.4^,8-tetrahydro-0- 

I 

73 


th>onaphtii«i 

I 

P 

2S. 

CioII„0,S 

S.(2.5-Dinicthyl-3-tbcnoyO^>cowotuc acid 

r 

71 



* Q, yirld rrpoitnl u qu»nCil«UT«. O, ;idd rcpartnl u Kwi, P. yield te[>oH«d u poor A dosK 
indintrs thnt th« )-irld » not rrportrd 

t Hrfrrrnr^ numbrio refer to the bibLocn[4iy on pp. 201*205 
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Cii 


Formula 

Compound 

Method 

Yield * 

Refer- 
ence t 

CjiHizO 

4,7-Dimetliyl-l-indanone 

I 

73 

458 

C11H12O 

7-Methyl-l-tetraIone 

I 

44 

35 

CiiHuO 

Benzocycloheptenone-l 

I 

40 

27 

CnHi ,0 

2 ,4,6-Trimetliylacetophenone 

I 

G 

19 



I 

74 

319 

CiiHi.O 

2,4,5-Trimethylacetophenone 

I 

77 

319 



I 

G 

19 

CiiHuO 

2 , 4 -Diinetliylpropiophenonc 

I 

50 

386 

CiiHuO 

Isovalerophenone 

I 

1 

428 

CiiHuO 

n-V alerophenone 

I 

58 

471 

CiiHieO 

9-Methyl (or octaIonc-1 

I 

98 

206 

CiiHieO 

[2,2-Dimethylbicyclo(2 ;2 : l“-*)heptyl]- 





acetaldehj’de 

I 


24 

CiiHisO 

Dicyclopentyl ketone 

I 


217 

CiiH^oO 

Cyclohexyl n-butyl ketone I 

I 


217 

CijH-oO 

Cyelohcxj’l isobutyl ketone 

I 


217 

CiiHmO 

Methyl nonyl ketone 

I 


46 



I 

88 

1 

CiiHjiO 

3-n-Butylheptanone-2 

I 

16 

46 

CitHijO 

Caprone 1 

I 

73 

46 

CiiHijOj 

5,6-Dimetbosj'-l-indanone 

III 

— 

45S 

CiiHijOj 

ft-Methoxj'tctralone-l 

I 

— 

432 

C 11 H 12 O 2 

Ethyl cinnamate 

II 

82 

38 


R.P.t Ethyl hydrocinnamate 




CiiHiiOj 

4-Hydrox>'-2-methyl-5-isopropylbenzaIde- 





hyde 

I 

87 

2 

Ci.Hj.Oj 

4-Ethoxypropiopbenone 

I 

77 

5 

CuHuO. 

2-Hydroxj'-5-n-propylacetophenone 

I 

— 

106 

C 11 H 14 O 2 

5-Ethyl-2-hydrox>’-3-inctbylacctophenone 

I 

65 

73 

CuHnOj 

5-Ethyl-2-hydroxy-4-methylacetophenone 

I 

60 

73 

CiiHuOj 

3-Ethyl-2-hydrox>'-5-mcthylacetophenone 

I 

— 

73 

CiiHuO- 

4-Ethyl-5-hydrox>*-2-mDtbylacctophenone 

I 

61 

GO 

CiiHuO; 

2-Hydrox>'-3,4,5-trimetbylacctophenone 

I 

75 

74 

CiiHuOj 

2 -H 5 *droxy- 3 , 5 , 6 -trimcthylacetophcnonc 

I 

75 

74 

CuHuOs 

4-Hydroxy-3,5-<iimcthylpropiophenonc 

I 

50 

100 

CiiHitOj 

4-Hydrox>'phenyI isobutj'i ketone 

I 


42S 

CiiHuOi 

2-Hydrox\'-3-methylbutyTophenone 

II 


91 

CiiHuO* 

2-Hydrox\'“5-methylbutj’rophcnonc 

II 


91 

C).H,. 0 . 

4 -Hydrox 5 '- 3 -methylbutyTOphcnone 

I 


106 



II 


91 

CiiHuOs 

2-Hydrox>'-4-inetbylbutyrophenonc 

II 


91 

CiiHuO* 

4-Hydroxyvalerophcnonc 

II 


91 

CjiHiiOj 

Endomcthylcne-1 ,4-o,S-dikctodccalin 


50 

72 

CiiHuOi 

9-Mcthyl-2,4'<likctodecaIin 

H 

00 

114 


• Q. rrporicd as qcantitatirc; G, j^eJd reported as pood; P, yieJd reported as poor. A da?t 
indicnles that the >-ield Ls not rexvjrted, 

t Reference numbers refer to the bibliocrapby on pp. COl-200. 

J Pk-P., reduction product. 
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t’ormtila 

Ccunpound 

Methoc 

I Yield ■ 

, Refer- 
ence f 

CiiHieO, 

1,83-T rimcthytbtryclo(l :2 :3) octane-2.4-dion' 

e I 



CullijOj 

3-Carboxy-l-teto-l,2A4-tetrBliyrfroiiaplitha- 





line 

I 




Ct.n.tO, 

^-3-Metbylb«Rioylptopt(Aie acid 

III 

84 


CiiHijOj 

^-p-Tolijy]propiotue and 

I 

80 

35 



I 

SO 

135 



HI 

9J 


h^iiH itUj 

Zthyl bcnroyUret&te 

II 

sg 

38 

CiiHirOi 

Y-BeniojI-n-butync and 

I 

— 

230 

CuHirOj 

a-^tettlyl-^ben«>ylprop)OtJc aeid 

1 

— 

35 

CriII„Oj 

7-IIydrn^.2,2-diinpll(y)r)trotnanooe-4 

I 

CO 

, 251 

CiiHiiOr 

3,&-Dietli} l-2,6-di)iydrt>xjrlicaiaIdebyda 

I 

60 

455 

CiiHi.Oi 

2.6-DirnetboxypropiophefiPDe 

I 

__ 

240 

CivlIi.O, 

3.5-rhinetbosy-pr«piophenonc 

I 


31 

CiiHiiOr 

3,4-DimethQxypropiophenone 

I 

65 

I ® 

CiiHiiOi 

4,VDiatcthoxy-2--iDetb>larvtopbeaoae 


T8 

j 228 

CiiHuO. 

d'nydrpxy^-melboxybuiyropbeoona 

11 

— 

61 

CiiHiiOt 

2,6-DibjdroxjTibenyl a-butyl ketop« 

II 

73 

396 

CiinitOi 

3,<VDih)dras}l>Iien}l iaobutyt Letooe 

II 

75 

256 

CiiHuOi I 

2,4>DlbydroxypbeDyl isobutyl ketona 

I 

83 

110 



I 

— 

53 

^llUieUt 1 

3,4<Dlhydroxypb»nyI n>b<j|yl ke(«oe 

I 

~ 

63 



I 

65 

396 

ClinirOi 

3*Etbyl-l,G-dibydr«xy'2-iDe(bytare4aptienoaa 

I 

U 

455 

CiiBirOi 

2.4-Dibydroty*^fnetiiySb<ityTopbeBon« 

1 

~ 

376 

CiiHitO, 

3.&*Diihethox7propiopbeoone 

1 

54 

5 



I 


280 

C'liHiiOi 

3,^Dibydrarypb«njl »»-bul}l iftpne 

I 

IS 

203 

CiiHitO, 

3,S-DibydroxypbeD)I iaobutyl Lrlooe 

I 

30 

420 



I 

~ 

239 

Ci,«,.0, 

: 2.5-Ditiydroxy'3.4.<V«nmeUi>lse«topbenoiie 

n 

— 

315 

C„H„Or 

1 ^lo-AAieoyJpropionic and 

III 

CO 

465 



I 

15 

467 



I 

67 

207 

CuHijOe 

^-p-.Aitiaoy Ipropionic and 

III 

90 

475 



in 


465 




— 

452 



1 

I 


432 



1 

— 

163 



I 

— 

35 

Ci.nnOr 

a-Metbyl ^-2-io'droxybnuo)Iptt>pionic acid 

I 

— 

437 

CiiHirOt 

3 Carboty-i-bydroxybut) ropbraoDo 


— 


CuTIirO. 

5.7-Dib)-droxy-2.2-dimetbjlohtomanorte-l 




CnllirO, 

3-.4fef} l-*.etliyl-2;6-d)bydro*yli«u8ldehyde 

II 

-- 

339 

c„ni.o. 

2,4.(>-Trimetboxyaeetoph«ioiie 

I 

23 

111 


• Q. yield reported m quontiUU're. G, jrdd reported «a «ood. P, yield reported w poor. A dset 
inditmleo that the>icldi» not reported 

f lUlerenco numbers refer to the bxbliotnpfcy on pp SOtSOd 
t RJ.. reducUOB produei. 
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Formula 

Compound 

[ Method 

Yield * 

Refer- 
ence t 

CuHuOs 

2 , 4 , 6 -Trihydroxj'phen 3 -l n-butyl ketone 

I 

25 

457 


2,4,6-Tr3hydroa:ypheDyl isobutyl ketone 

n 

63 

341 

CuHi^Oi 

4-Carbosy-l ,S-^ketodecaUn 

I 

— 

114 

CiiHiiOBr 

4-Bromo-2 ,7-dimethy H-indanone 

u 

87 

232 

CjiHiiOBf 

7-Bromo-2,4-dimethyl-l-indanone 

u 

87 

232 

CiiHiiOBr 

4-Bromo-7-€tbyl-l-indanone 

II 

80 

266 

CiiRiiOBr 

7-Bromo-4-ethyl-l-indanone 

n 

SO 

266 

CuHisON 

O'Isopropyl-7-keto-octahydropyrrocoUne 

I 

50 

419 

CiiHisOiBr 

5-Bromo-2-hydroxypbenyl n-butyl ketone 

I 

— 

164 

C 11 H 13 O 2 CI 

5 -Chloro- 2 -bydroxypben 3 'l n-butyl ketone 

I 

— 

1G5 

CuHijO-a- 

3 , 5 -DicblQro- 2 -b 3 ’droxj'pben 3 'l n-butjd ketone 

I 

— 

40S 

CiiHijOjN 

Etbj'l ^ 2 ’-p 5 Tidoylpropionate 

I 

63 

133 

CiiHijOjN 

^-3,5-Dimetbyl-2-pyridoylpropionic acid 

I 

91 

i 

299 


Ci2 


CijHh 

Di-A'-cj-dopentenj-lacetylcnc 

j I 

5 

261 


R-P-t l^,3,3a,4i5,G,7,8.S5-Dccahj'dro-a=- 





indacene 


1 


CiiHioO 

Methj'l a-naphthj-1 ketone 

I 

55 

1 



I 

— 

126 

Ci^ioO 

Methyl ^nophthj-1 ketone 

in 


292 



in 

52 

220 



I 


113 


2,3-Ben2obic>*cIo(0 :3 :3)-2“OCten-4-one 

I 


442 

Ci-HnO 

7-Etb5*l-l-tetralonc 

I 


35 

Ci-HnO 

i 6-Acetyl-l-tetraiin 

I 


22 


G,7-Dimetb3’l-l-tetralone 

I 

80 

135 

Ci^uO 

5,7-Diinethvl-l-tetnUone 

I 

SO 

135 



I 

— 

35 

CirHitO 1 

o.S-Dimetbj’l-l-tetralone 

I 

SO 

135 

C,.H,,0 

2,4-Dimeth3d-l-tetTalonc 

I 

77 

393 

CuHi.O 

2,2-Dimethyl-l-tetralonc 

I 

81 

306 

CirHieO 

4-Ethj'l-2,5-dirDCthyl3Cctopbcnone 

I 

S3 

14 

CijriuU 

7 >-n-Propylpropiopbenone 

I 

— 

76 

CijHicU 

3-Mcth3*l-l-pbenjdpentanone-l 

I 

3S 

236 

CiiHitU 

n-Capropbenone 

I 

56 

471 

Ci:H.-.0 

Ci’clohcxj’l cj'clopcntyl ketone 

I 

— 

217 

C,.H;:0 

S , 1 0-Dim e tb v] -2-ke 1 odecalin 

I 

— 

115 

CijHrO 

Cyclododecanone 

I 

76 

90 

CiiHcO. 

7,S-Diketoaccnaphtbcne 

I 

35 

172 

CrHkO, 

2-Acct3'l-l-napbthol 

I 

CO 

170 



I 

— 

415 

C" i;B loO; 

4-Acctyl-l-napbtbol 

I 

— 

410 


5-Mcthoi3'-4,7-dimctbyl-l-mdanonc 

II 

00 

45S 


* Q* rcrK>rt<^ QUAnlitalive; G, yield rcportc^i a.? cood; P, yield reported as poor. A da*b 

L'ldieate^ tlist the jodd i" not reported. 

t liefrrenrc numlyrr? refer to the btbliosraphy on jyp. 201-200. 

X lU*., rtdoelior. product. 
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rofinula 

CbmpoaiKl 

Method 

Yield ' 

, He/er- 

encet 

Ciin,.o, 

7-Meihoxy-2-m»tliyl-l-tetT«I<me 

I 

S9 


Ci,n„Oi 

3.VDietbyl-2-)ty<lroxytcctophenon0 

I 

60 

73 

c.,n,.o, 

^EUiyM-mrthoxy-2>lnetlij'bre(ophenone 

I 

75 

73 

C.tlli.O, 

3*Elhyl-3-by(lroxy-4.S-d>inctbyla«ctophenono 

1 

60 

73 

CtrJlttUt 

■4^rtbj-l-^kydmry~3.5-‘l‘frr^byid<!vtijplienana 

1 

72 

7S 

c,in,.Oi 

2-nydroxy-S-n-propylpropioplxnone 

1 

70 

141 

CitHteOt 

d-IIydroxy-S-n-pTopylpropiophefionA 

I 

70 

141 

CiinieO, 

£-Et]tyl-2-hydroiy-S-inelbylpropiophenone 

I 

51 

100 

CiiHi.O] 

3-Utbyl-4-bydroiy-5-tncth>lpropiopbenono 

I 

29 

106 

CiiHieOt 

4-IIydrosy>3,5-diiDetli)lbutyroph«tone 

I 

4S 

106 

CitlluOi 

2-IIydroyy-3-inethyIpbonyl n-butyl ketone 

11 

— 

01 

C,iH„0| 

S-Hydroxy-5*m«tbylpbenyl n-bu(yi ketone 

rr 

— 

91 

CiiIIuO, 

2<lIydroxy^-metbylphenyl n>but}l ketone 

II 

— 

01 

Ci>ni<Oi 

4-nydn»y-3->n»tby)pbenyt la-buty) ketone 

n 

— 

0! 

CitHiiOi 

d.HydrQxycsprophenone 

II 

— 

01 

CitUi.0, 

2.4-Diketo.5,9-4imelbyUi»CB)in 

I 

— 

114 

CiilIuO, 

1 , 1 ''■Ethynylenebiecyelopenunol 

I 

3 

261 

CnHnOi 

7'(p-Toluyl)>buien-3«>c eeid 

1 

Q 

378 

CtiHitOi 

3-rbenyleyctopenUnene^-eerbotylic end 

I 

— 

443 

C.iHiiO, 

3,4-Dihyclroxy*t.3>beiuoeyHobeptenon^l’> 





/nethylene etber 

I 

— 

S7 

CiiIIuO. 

^•4-r.thyll)cn»oylpro^onie ecid 

in 

01 

397 



HI 

64 

338 



I 


210 



I 

— 

35 


o,a>DimetbyI-0>benfeylpropionic eeid 

I 

71 

300 



I 

— 

283 

c„iri.o, 

Ctbyl fi-b«nt<}ylpropionit« 

I 

— 

35 

Ciilli.0, 

^-2,5-Difiiethylbcnioylpfotdonio aetd 

I 

90 

116 



I 

80 

13S 

CitllitO, 

^2,4-DiftjethylbenaoyIpropionic acid 

I 

80 

135 





35 


P-3,4-DmiethylbcnioyIpropionio add 

r 

so 

135 

Ci,ll„0, 

3-Acetyl-5-bydK>iy-4.6-dimethylacetophenonB 

I 

00 

8 

c„ir,.o, 

0,7-Dimet?joxy^l-tetraJon« 






1 

77 

122 

CijIIreOy 








— 


Ciin,,o, 

4-IJydroxy^-inetb<wyphenyl a-butyl ketone 

1 

— 

118 




— 


c„n„o, 

2,4.Dihydroxyphen3rl n-amyl ketone 

I 

85 

53 

C,,II,eO, 

2,4-Dihydrotyphenyl isoamyl ketono 


82 

110 

C„H„0, 

2,6-Dihydroxyphenyl isoamyl ketone 

I 

30 

426 







• Q. yield repo 
Indjcatea that th< 
t Refetence nu 

XRF, redMU' 


Tted aa quantitativ*. O, yuld nportod aa gaod; F, yield 
! yield la not reported 

mbera refer to the bibhocrW^ W PO 201-209 


rted 





178 


THE CLEMMENSEN HEDUCTION 


Formula 

Compound 

Jlethod 

Yield * 

Refer- 
ence t 

Ci-HieO, 

2-Hydroxy-5-methoxyphenyl n-butyl ketone 

I 

51 

280 

Ci-HisOj 

3-Carboxy-2-(3-methyIspirocyclohexane)- 





cyclojjentanone-l 

I 

— 

mm 

CisHicO^ 

S-Acetyl-7-hydroxy-4-methylcoumarin 

I 

— 

msm 

CiiHuO* 

ot-Methyl-^p-anisoylpropionic acid 

I 

86 

mm 


^-4-Methoiy-2-metbylbenzoylpropionic acid 

I 

— 

284 

CiiHuOi 

^-2-Metiioxy-5-metbylben2oylpTop5omc acid 

I 

— 

284 

C 12 HHO 4 

P-3-Methoxy-2-methylbeazoylpropiomc acid 

II 


290 

Ci;HnO< 

^-3-Methoyy-4-iiietl}ylben2oylpropjomc acid ^ 

ni 

86 

465 

Ci^tuOi 

^-4-Methoiy-3-methylbeiizoj-lpropionic acid 

I 

— 

2S4 

CijHuO, 

o-2-Hydroxybenzoylvaleric acid | 

III 

97 

403 

CisHnOi 

2 ,4-Dihy droxy-S-propi onylpropi opb enon e 

I 

— 

54 

CisHitO^ 

5-Hydroiy-6,7-dimethoiy-l-tetra]one 

I 

' 

433 

C 13 H 14 O 4 

5-Hydroxy-7-methosy“2,2-dimethyI- 


1 



cbroinanone-4 

II 

4S 

252 

Ci^nOi 

7“Hydroxy-5-methoxy-2,2-d2methyl 


1 



chromanone-4 

n 

— 

252 

CiiHitOi 

2,4,6-Trihydroxypbenyl 7i-amyl ketone 

I 

54 

457 



I 

70 

56 

Ci5Hic04 

3,4,5-TrimetlioxypTOpioplienone 

I 

31 

112 

CisHitOi 

c«^•Butoxy-2,4-<iihyd^oxyacetophenone 

I 

— 

318 


R.P.t Ethyl resorcmol 




Cj-HnOs 

^2,5-Dimethosyben2oylpropionic acid 

in 

42 

403 

Ci-HuOs 

^2,4-Dimethoxybenzojdpropion5c add 

I 

— 

432 

C 1 JH 14 O 5 

^,4-Dimetiioij'benioyIpropionic acid 

m 

62 

465 



I 

— 

452 



I 

— 

122 

Ci*HnOfi 

^-2-Hydroiy-3,4-diinethoiybeiizoy]prop5onic 

1 




acid 

I 

i 

432 

CijHisOfi 

3, 5-Diace tyI-2,4,G-trihydroiyacetophenoae 

I 

— 

54 

CiJSsOX 

4-Benzoylpyri dine 

I 

80 

61 

Ci.^jiOBr 

4-Bromo-7 -isopropyi-l-indanone 

n 

87 

317 

CijHiiOBr 

7-Bromo-4-isopropyI-l-indanone 

n 

87 

317 

GiiHisOjBr 

5-Broino-2-hydroxyphenyl n-amyl ketone 

I 

— 

164 

CiaHisOjCl 

o-Chloro-2-hydroxyphcnyl n-amyi ketone 

I 

— 

165 

CuHuOja 

5-Chloro-6-hydroxy-2-methyl-5-isopropylace- 





tophenone 

I 



165 

CijHuOjCl 

5-ChIoro-2,4-dihydroiyphenyi n-amyl ketone 

n 

— 

167 


Cjs 


C,zHi,0 

6,7-Benzo-l-i ndanone 

I 

53 

139 

CijHicO 

Benzophenone 

I 



38 


l-Acetyl-4-methylnapht!ia3ene 

I 



425 

tJiiHirO 

1-Ace tyl-7 -methylnaphthalene 

II 

65 

333 


* Q, yield reported as qizaatitatire; G, yi^d reported as good; P, yi^d reported ss poor. A 
indicates that the yield is not rep<jrt«d- 

t Reference ncmbers refer to ths bibliography oa pp. 001-209. 

^ RP^ reduction product. 
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Formula 

Compound 

Methor 

1 Yield' 

, Refer- 
ence t 

C„H,sO 

2-Aee(y{,£.me(hylnaiAtbalena 

ir 

_ 

333 

C.Jli.O 

B.T-CycIopenteno-l-telralono 

II 

89 

233 

ChHuO 


I 


433 

3-T\etO'l,3,3,4.I0,l1-hexa}iydfoBiiarene 

I 

_ 

435 

Ci,H»0 

2,S,3,IO-Tetraftydrt>periiupb((ian<Jn«-r 

I 

_ 

48 

CiiUiiO 

5-Ace »j l-7-melhyltctreIia 

II 

77 

383 

CiiiriiO 

3-Ethyl-&-meth)l-l-tetr*Ions 

I 

59 


c„n,.o 

3-EUi) 1-5-mctliyl-l-tetraJone 

I 

43 

92 

c„ir,.o 

4-Ethj l-7-meth]d-l-tetralooe 

I 

80 

149 

C„H„0 

7-Ethyl-3>metl>yl-l-tetmlona 

I 



197 

c„n„o 

2,3,7-Trinieth)rI-l-tetmIone 

I 

63 

306 

CulInO 

2,3,5-Trimetbyl-1-l«tralon« 

I 

Q 

102 

C„u..0 

Phenyl n-hcxyl ketone 

I 

53 

471 

C,JI«0 

Cyeloheiyl 2-methylryelopci>t>l kelone 

I 


217 

CijlInO 

Cyclotridecanone 

I 

— 

99 

CiillidO] 

p-IIydrotybentopbenone 

I 

Q 

3 

C„K„0, 

2-rropionyt-l*napbtbol 

I 

50 

176 


1 5*Ket^7,8,0,12-(etmbydrodibentop)Tlit 

I 

0 

436 

c.in„o, 

2,2>Di«thyl-iQ<San-l.3-<bon» 

I 

75 

6 



I 

58 

13 

C.ilTitOi 

^Ethyl-7.hydr«»y-S-melhyHT)*letmlpne 

II 


337 

CiiIIiiOj 

. 5*Methoty-4.7^iniethyl-l-tetralone 

I 

65 1 

i 385 

CitHi.0, 

7-Methoty-5.8-dimetbyl-l>tetralone 

1 

76 

458 

Ci>nj(0« 

Diacetylfncsuljlcne 

1 

20 

474 

C|>H.K>> 

4,5-Diethyl.2-by<iroiy-3-inetbyl»ceteiphenon« 

1 I 


73 


3,4-Dir(by1.2-bydroyy-5>metbylaceU>phenonB 

1 1 

64 

73 

CiiHuO, 

^EthyM'tneUioxy-3,3-diinethylacet«phenoQe 

1 

50 

73 

CjtlliiOi 

3-£lbyM-hydroiy-S-metbylbutyropbenono 

I 

4S 

106 

C.»H.,0, 

241ydro(y-^tne(byIpben>l n-emyl ketone 

ii 

— 

01 

C»H„0, 

4-nydni}y-3-methylpbeny) n-amyl ketone 

n 

— 

91 

CiinitOj 

2-nydtoxy-5-iDetbylphenyI »,«rayl ketone 

ii 

— 

91 

CliJIlsOi 

2 -IIydroxy-i-methytpbenyt o-ecny} ketone 

II 

— 

91 

CijU i»Oi 

2-IIydrotypbenyl n-heiyl ketone 

II 

— 

91 

CmUkO* 

4-Hydroxypbeny) n-bezyl ketone 

II 

— 

91 

CuIImO, 

7-Acetyl-l-keto-I0-n>etbyl dernUn 

1 

— 

115 


1,1 '•EUtynylcycIobwanolcyclgpentanol 

R.P.t 3a,d,4<i.6,7,8,9,9b-ocUh^ro,«-ni>ph- 

1 

6 

261 


thindan 




Ci,n,oO, 

3-Etbyl-3,4-diketo-9 metJiyMecaliii 

I 

— 

114 

C„H,Ot 

7,8-Djketo-l-inptlicayseeiiaphthene 

1 

25 

172 

Ci>H,oOi 

3,4-Dihydroayl>eiuopbeaona 

I 

III 

30 

55 


^-A-Indsooylpj-opionio add 

73 

233 



I 


433 

CuHhO, 

^(]-Keto-3-tetnilyI)j3ropM»ue nod 

I 

70 

63 

CiiHhO, 

5-p-Ani«yl-cyelobe»iine-l,3-djoiie 

I 

80 

211 

C,,H„0, 

Ethyl o-joethyl ^benaortwopionete 

I 

— 

36 

CuH„0. 

8.8-Diroethjl-Y-benaoylhutync ndd . 

I 1 


230 

• Q. yield reported as qaaotitaUre. O. yield reported a> good, P. yield 

reporteiaspoor. / 

idash 

iodicatea that the 

>ield la not reported 




t Ilefereiiee nun 

iben refer to the biblioEiepby an PP iOlSXI 




t R P , redueUoi 

0 product. 
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Fonnula 

Compound 

Method 

Yield * 

Refer- 
ence t 

CijHicOa 

a,or-Dimethyl-^j>-toluylpropionic acid 

I 

82 

306 

CijHieOa 

Ethyl ^-o-toluylpropionate 

II 

43 

179 

CiaHitO* 

Ethyl ^-p-toluylpropionate 

I 

— 

36 

CijHieOj 

^^Xsopropylbenzoylpropionic acid 

I 

SO 

135 

CiaHjfiOa 

6,7-Dimethoxy-2-metliyl-l“tetralone 

I 

64 

134 



I 

— 

129 

CiiHuOj 

6,7-Dimethoxy-3-methyl-l-tetralone 

I 

64 

134 

CiaHiiOj 

2,6-Dimethozyphenyl isobutyl ketone 

I 

43 

140 

CijHuO, 

2,5-Diniethoij'phenyl isobutyl ketone 

I 

48 

280 

CijHisOa 

4-Hydroxy-3-methoxyphenyl n-amyl ketone 

II 

— 

91 

CiaHuOj 

2,4-Dihydroxyphenyl n-hexyl ketone 

I 

1 

53 

CiaHicOt 

2, 4, 6-Trihydroxy benzophenone 

I 

: 50 1 

56 

OiaHijOi 

8-Acetyl-7-methoxy-4-methylcoumarin 

II 


274 

CiiHizO^ 

7-Hydroxy-4-methyl-8-propioDylcouinarin 

I 


424 

C 11 H 1 -O 4 

5-Hydroxy-4-metbyl-6-propionylcoumarin 

II 


340 

CijHuOi 

j 3-Carboiy-4-hy<iroxypbenyl isoamyl ketone 

I 


89 

CijHieO* 

S-Carboxy-A-hydroxy-n-caprophenone 

I 

88 1 

89 

CijHieO^ 

^-4-Methoxy-2,5-dimethylbenzoylpropion2c 





acid 

I 

92 

94 

CjjHuOi 

a-Methyl-j5-3-methoxy-2-methylbenzoylpro- 





pionic acid 


— 

225 

CiaHiftO* 

o-p-Anisoylvaleric acid 

I 

73 

183 

CxiHicO* 

o-Hydroxy-6,7-dimethoiy-2-methyl-l-tet- 

i 




ralone 

1 I 

1 

437 

CijHisO* 

2,4,&-Trihydroiyphenyl n-heiyl ketone 


30 

457 

CiiHieOs 

a-Methyl-^,4-dimethoiybenzoylpropionio 





acid 


45 

129 





134 

CiaHijOs 

^MetLyl-^-3,4-dimethoxybenzoylpropionic 


■■ 



acid 1 

I 


134 

CiiHuOa 

‘y-3,4-I>imethylbenzoylbutyric acid 

I 

Ib 

448 

CijHitOe 

a-MethyI-^2-hydroxy-3,4-dimethoxy benzoyl- 


■■ 



propionic acid 

I 


437 

CiiHjOlir 

2-, 3-, or 4-Bromofluorenone-9 

n 

Q 

196 

CiiHsOBr 

o-Bromobenzophenone 

I 

1 

351 



I 

50 

88 

CijHsOBr 

4~Bromo-5,6-benzo-l-indanone 

I 

1 

33 

CijHisOBr 

4-Bromo-7 -f-butyl-l-indanone 

n 

70 ! 

264 

CiiHijOBr 

7-Bromt>-4-f-butyH-iiidanone 

II 

70 

264 

C 13 H 17 O 2 CI 

5-Cblon>-2-hydroxyphenyl n-heiyl ketone 

I 



165 


5-Chloro-2,4-dihydroxyphenyl n-hexyl ketone 

n 

— 

167 

UiatlijUIs 

l-Keta-5,6-benza-l,2^,4,73-hexahydro- 





pyridocoline 

I 

37 

276 

Uiiil-iUN 

l-Keto-o.G-benzododecahydropj’ridocoUne 

I 

52 

276 

CiiHiiUjA 

^2-QuinoIyIpropionic acid 

I 

— 

244 


Ethyl ^(3,5-dimethylpyiidoyi-2) propionate 

I 

91 

299 


* Q, yield reported aa qnantitatire; G, yield reported aa good; P, yield reported aa poor. A dasi: 
indicates that the jield is not reported- 

t Reference numbers refer to the bibliography on pp. 201—209. 
t R.P., redaction product. 
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C,4 


Formula 

Compound 

Methoc 

1 Yield' 

a Refer- 
ence t 

CjrHijO 

]-3od 4-KetO'li2td.'4-t3tr3h3'dnopli3nafiChrerxa 

» IV 

69 


ChHuO 

S-TiInthyl-pari-naphthanone-T 

IV 

70 


C,.HiiO 

3-AcetylacenapIitlieM 





CitHi.O 

l-a-Kaphthylbutanone-l 

I 



C1.H1.O 

l-^NapbtbylbutasoBe-l 




Cl HuO 

l-Ac«tyl-4-eUiylliap1>thA]en« 

I 

70 


CulIiiO 

2-(4-M*thyl-l-ii«phlJiy1)propanol-2 

1 



425 


1-Keto-l ,2,3,4,5,6,7>8-oetaliydronnthrarene 

I 

— 

35 

CiiHitO 

^Keto-l|2,3i4,9«l(^ll,12-t>ctAhydrophe&an‘ 





tbrene (eit and freru isomers) 

I 

— 

331 

Ci,n„o 

oa-CyolohexenyUcetopheDone 

II 

43 

335 


H.P.t ^Phenytetbyloycloheiene 





4,7-Bimet)iyl-2-iaopropy|-I-iDdanone 

I 

— 

341 

ChIIlO 

3i2-Diethyl-t-t«tralon» 

I 

63 

306 

CitHitO 

^-Metbyl-^isopropyl-l-telralone 

I 

62 

37 

Cull„0 

9-Ae«tyl-7-«Uiylt«traliA 

I 

— 

23 

UitHitU 

o-PhenyUretopbenone 

I 

C6 

174 

Ci«n»o 

O'KetododecabydropbeQaDtbrene (m p. P4‘) 

I 

60 

336 

CitH«0 

P-Kecododecsbydropbeiutktbrene (m p. 5}*) 

I 

ss 

S36 

CitH»0 

S-KetododeeabydropbehantbreM 

I 

61 

201 

CI.HIIO 

^Katotetradeeabydropbenantbrene (n p. <S^) 

I 

Q 

336 

CuHitO 

rniu>3>M<(byt-<>pK>py|.|.2.4ij.&.6.7>8^> 





1 ocubydro-t-oapblbalenona 

It 

62 

860 

UitlltaU 

2-Acet}I-d,10-dimetbyld«ealia 

I 

— 

ita 

CunitO 

Cyrlotetradecaoona 

I 

87 

99 

C..K.O, 

Antbraqulaoite 

RiP.{ Dihydro- and bexabydroaotbrarena 

I 

"" 

3 

C..H.0O, 

Benrd 

I 

<5 

3 

c,.«„o, 

Benxom 

I 


3 



II 

so 

119 

CirHijOi 

4-IIydrow-3-phcnylacaU>pbanone 

n' 

70 

393 

ClIImOi 

2.4-Diketo-1.23.4.9.l0.1I.l2^Uhydn>- 





pbenantbrene 

I 

3S 

470 

Ci,n,.o, 

2-n-Butyroyl-l-bydroxynapbtbsleo« 

I 

63 

176 

C 111 I 1 . 0 I 

2,2-DiethyI-4-meU>ybndaji-l,3-dione 

I 

29 

25 

Ci.Hi.O. 

2,2-Dietbyl-5-nketb7bDdsa-l A-dtocM 

I 

73 

25 

CiJImO, 

7-IIydrt>ay-9-ieJo-J^^,4.P,IftIJ.lS-tietahy- 





dropbenanthrene 

m 

63 

331 

CnHisOj 

&-Eth} l-7-Dietboxy-S-inelbyl-l>tetralon« 

I 


337 

ChUuOi 

S-Etbyl-7-melboxy-5-rarthyl-l'tettalona 

I 


337 

c„n„Oj 

6>Matboxy-3,4,5-tiiiDtthyl-t-(etralocie 

I 

— 

225 

CulT»Oi 

3,5-Dfe(J>yJ-?-iDeli>(«y-£-iDCtliyfaca<opbenone 

I 


73 

Ci.n,oO, 

2-nydroxy-4-xnethylpb«i)l adtexyl ketone | 

“ 

— 

91 

CitHnOi 

3-Etbj’l-2,4-<Ijkrlo-5,9-diB>etb})deeabn 1 

' 1 




•Q. r»pwted ■* qu»DUUliv»! C, jicU npoctrd •» »«xl, P. wporlKl »» poor A <1»»4 
indicatn Uiat tha ) irM u not raportMt 

t Itafarancc nuinbn* rafar to the taUiOfr^iliy an p|>. 301-309 
i R.P., raduauon proiluct. 



COMPOUNDS REDUCED BY THE CLEMMENSEN METHOD 183 


Formula 

Conipoiuid 

Method 

Yield • 

Refer- 
ence t 

C„H„ON 

2-AcetylGarbaxolB 





S-AeetylCMbaicilB 

HI 



ChHisON 

5-Phenyl-7-ketooetahydrop)mocoline 

I 



Ci,H„ON 

6-AcetyIhexahydroeubBiole 

1 

32 I 



Phenacyl phenyl sulhde 

I 

20 



H.P t (a-MelhyIbeitayl)pbenyl sulfitU 





Ci( 


CnIIuO 

Benxalacctophenone 

R.P4 Tetrai^eDylhexadione 

I 

_ 

2S3 

Ci^nO 

2-£thyl-d,5-benzi>-I-jDdanone 

I 



CiJIitO 

l-KGto-2'methy|-l,2.3,4-t«trabydro(>he- 

nanthrene 

I 


121 

CuHi.O 

l-Ket»4-met)kyI-l44.tl-(«trahydtophe- 





nanthrene 

IV 

94 

SOT 


l-Keto-9>methyl-l4.3,4-t«trahydrophe- 

nanthreoe 

I 


13S 

Ciilli.0 

4-K«Co-3-methy|-1.3.3.4-tetmh)rdrophe> 





nanthrene 

I 


Ul 

UliHitU 

l-Keto-Trmethyl-I.S^.d-letrahydrophe* 





nanthreno 

I 


125 

CuHitO 

S-Cihylpenriaphtlianone-? 

r 

&4 

33 

Ci.iii.0 

l>Keto-3,4-5.0.12.13-beaabydr»-peribenxft* 





acensphehene 

I 


55 

CliUitU 1 

a-Keto^ctahydromethylenepbenanthrene 

I 

70 

05 

0;i3I„0 

6,7-Cyclopeot«ncr-I'keto-3.2^iinrthyl-l,2>3,4* ' 





tetrahydronaphthaleao 

I 

— 

433 

CiOIitO 

7'Methyt-l-fceto-1.2,3,4-letrahydronaphtha- 





lene-2,2'4pirocyctDpcntane 

I 

— 

410 

CitlTiiO 

2-K<rf<»-l,S,3,4-tetntn«pbtb8leDe.2.2-apifo- 





cyclohexane 

I 

— 

24S 

CirllirO 

Aeetyldiethylmeeitylcn® 

I 

45 

474 

C,»««0 

' I’hettyi n-octyl keton® 

1 

SI 

471 

CitHitO 

4d, 5, 6, 7.8,8a Hexabydro-3-«-propyl-4.ethyl- 
1 l(2)-naphthaleninie 

I 

S4 

259 

CiiHi.O, 

4-nydroxy-3.6-dimethylben*ophenoi>e 

I 


100 

C„H„0, 

4-IIydroxy-3-phenylpropiophenono 

IV 

74 

39S 

C„Hi.O, 

4,6-Cyclohexenyl-24-d“oetl>ylt“'I*“-I*3'*^*0'** 

I 


26 

Ci,ir,.o, 

l-FIydroxy-2-naphthyJ n-batyl ketooe 

j 

50 

176 

CitllnO, 

2-Hydroxy-3.6.<li-n-propylprop«ophenono 

I 


141 

CtiHrrO, 

o iTinln.vv.'t A.tf{«niethv1nhpiiTl n-hoxvl ketone 



100 

CiJItsOt 

4-IIydroxy-3,*^hnictMl*«»jl >i-lie»yl fcefono 

* 




• Q. jield rtpotlrf u quanUUtiv*. 0,f>M reported u »ixid, P. yielJ reported u poor A 
ittdrmtae th»t the joejd re Dot reported 

tRelerencoQonbere refer to the btbkocreplvonpp 201-209 
i n P • reduction product. 


dub 



184 THE CLEMMEHSEN REDUCTION 


Formula 

Compound 

Method 

i 

Yield * 

j 

Refer- 
ence t 

CisHseOs 

l-(l-Cydoliexanol)-3-n-propyl-l-heiyne-3-ol 

I 

6 

259 


R.P4 1,2.4a, 5, 6.7,8.8a-Octahydro-3-n-propyl- 





4-ethylnaphthalene 


1 


Ci5His02 

Dihydrocalameone 

I 


413 

CisHioOa 

l,4-Diketo-3-phenyliEocliroman 

I 


304 


R.P.t Diben^yl-^^-caxbosidic acid 




CisHnOj 

2,4-Diliydroxy-3-metli5'lphenyl benzyl ketone 

I 


37b 

CisHnOa 

a-^Ietbyl-^-l-napbthoylpropionic acid 

I 


121 

CJSH 14 O 3 

a-^Ietbyb^2-nflpbthc^lpropionic add 

I 


121 

C 15 H 14 OJ 

^-^Iethyl-^ 2 -napbtboylpropionic add 

I 


150 

CijHuOa 

^-5-MethyI-l-naphthoylpropionic add 

n 

so 

150 

CisHuOs 

^-S-^Ietliyl-2-naphthoylpropionic add 

I 

i 

163 

Gi^uOa 

^Phenylpropionvlresorcinol 

I 

1 — 

53 



I 

50 

54 

Ci^HisOa 

l-Phenacylcycloi>entane-l acetic add 

I 


230 

CisHiiOj 

ar,a-Diinethyl-^-5-indanoylpropionac acid 

I 


433 

CisHijOi 

a,a-^MethylcycIopentane-^ben2oylpropjon5c 





, add 

I 


2S3 

Ct^itOa 

a , a-Cy dope ntane-^- (p-toluyl) -propi oni c add 

I 


410 

CuHuO, 

a.a-Cyclohexane-jS-benzoylpropionic add 

I 


24S 



I 


2S3 

CxsH-0, 1 

2,4-Diiiydroxypbenyl n-octyl ketone 

I 


53 

CisHjiOj 

Tetrahydrosantonin 

I 

53 

100 



I 

— 

108 



I 

G 

15S 

CisHijO* 

2,5-Dihy(iroiy-3-(plienylacetyl)-benzalde- 





hyde 

I 

— 

376 


^Phenyl-2, 4, 5-trihydroxypropjophenone 

I 

— 

54 

(JliHl404 

^-4-Methoxy-l-naphthovlpropionic add 

IV 

60 

402 



I 


242 

CifcHnO^ 

^-o-^Iethosy-l-napbthoylpropionic add 

n 

58 

334 



m 

51 

254 

ClsHuO^ 


m 

62 

298 


^-3-yiethoxy~2~naphtboyl propionic acid | 

m 

— 

301 

CisHitO* 

6-Acetjd-7-hydroxycydohex€no-(l'*2'',3,4)- ] 





coumarin 1 

I 

— 

311 

CivUisOi 

a-l-Keto-7-inethoxy-53-diinethyl-l^,3,4- 





tetrahydronaphthyI-2-acetic add 

I 

75 

04 

CiiB-rU* 

Humtilinic acid 

II 

38 

oU 

CijH-tOt 

Dihydrolitiintilinic add 

n 

— 

50 

CijHicOi 

5>2,5-r>itnethylbeazoyl-&-hydroiybtJtane- 





^.'Y-dicarboxj’lic add lactone 

I 

— 

107 

UijUixUs 

6-2,5-Diiacthylbea2oylbutane-^,7-dicarboxvlic 





add 

I 

39 

107 

C.iHnOe 

Diethyl bicj’clo(3t2t2)iiotiadioncdicar- 





boxj'Iate 

IV 1 


349 


* Q. jicld rtrported as qxi^ntitati-rc; G, yirfd reported as i:cK>d: P, yidd reported S3 poor. A dasb 
indicates tLal the yield is not reported. 

t Reference numbers refer to the feJbliocrapby on pp. 201-222, 
i ILP., redaction prcducU 














COMPOUNDS REDUCED BY TOE CLEMMENSEN METHOD 3S5 


FormiJa 

Compound 

1 

Method 

Yield • 

Refer- 
ence t 

c,tir„o.a 

Ecbjl a-cfalara tM-mcthoxjr-S^^lintetlul- 
bcntoj (propionate 

I 




, R-P.t V-4-A{ethoiy-3,S-d»iietit}(pb('n)-IbutyTir 

1 arid 

' 





Ci( 


C.dl„0 

4-Keto-t,2.&,4-tctrahxtIrolluorantttrae 

I 

70 

SO 

Cnir„o 

2-Aecli Iphenanthienc 

r 

46 

13S 



I 

10 

142 


3-ArctyIpheasQthren« 

1 

- 

13S 

c„ii,.o 

3-rhenjl-l-teindone 

I 

— 

67 



I 

— 

156 

CnHirO ! 

7-Phenrl-l-tetf»lot(* 

lU 

— 

3S2 

c„n„o 

l'.MethyW-keto-2.3-Oflop«®*efte>»ceaaph- 





thene 

IV 

S5 

350 

CiiHlrU 

3-o»TotyI-l-indinoBe 

I 

G 

63 

C,il],.0 

S-p-Tolyl-l-iadanone 

I 


OS 

CiiIIkO 

I-Keto-a^hexahydropyreoe 



404 

CitllirO 1 

l.Ket<^1.2.3.4-tetr»bydr«-8.9-«eepbeB»nthTCiic 

1 



CiJI„0 

3-A(etyl^^tb>('«cen3ph(beoo 




CitltiiO 

i>-Afetyl-l,5.3.4-T*tr*h}-drophen»othrtne 




Ciaii.o 

l-Keto>2.24imeUiyl>l^.3.4-tetrahy'3n^ 





pheninthivne 

I 


343 

CiOIitO 

l«I\eti>-2,9-dim«thyl>t.2.3.4-t«(nhydr^ 





pheoanthreco 

1 

— 


CiOlxO 

l-Krto-4.S-dimctb>I-l.2,3,4-trtr«h>drO' 





phenanthreno 




Cj^UfO 

4.Keto,l,7-d>methy(-l,2^,4-tetrahydn>- 





phcnanthrrne 

I 




4-Keto-3.7-dimethjI-1.3.3.4-te1t»by(lro- 





phenanthreno 

I 

— • 

150 


4-Keto-3,3-dunethyt-l,3.3,4-te(>«hj'dro- 





phensnthcvno 

1 

73 

343 

C„II„0 

4-Kcto-0,7-dimethyl-U.3,4-tctr«hiTjro- 





phcnanthrene 

I 

— 

150 

CulIisO 

l-Keto-dcCfthydropyrene 

I 

— 


c„ii»o 

2-Meth}l-2-(2'.4'-Dimcthjlphciij4)-A’-tctra- 





hj-dtwboneiUdebyde 

I 

81 

202 

c„n»o 

7-C(h) l-l-kc to-( .2.3.4-te(raliyilronaph(haJe(ie- 





2 , 2 ^ipiTWyclopcttt*ne 




C,.JImO 

l-Ke(o-7-nirt]iyUt,2J.4-letrmh)drDosph- 





t](olene-2.2-«pirDe>rlol>exano 





• Q. ylflj MpoMwi w <iu»nlit3lir». C, jitU t»|>oc(f!<l »» *ocJ. P, yiild r»pott«d sa poof A <ti*t 
>ndir*<K (hot (he yield u not repoc(ed 
t neFcrenre nvunbera refer <« <h« biUiocrapllP en Pto SOI-Sm 
i R.P . reductioa product. 



186 THE CLEMMEXSEX EEDUCTIOX 


Formula 

Compound 

Method 

Yield * 

CieH-O 

5-Acetj-l-6,7-diethyl-l,2,3,4-tetrahydro- 


■ 


naphthalene 

I 


CitHpO 

Cyclohexadecanone 

I 


CteHf.O 

Muycon (^mcthylcyclopentadecanone) 

I 


CitHiiOj 

7-Keto-7,8.9,10-tetrahydroben2o(6)- 




naphtho(2,3-d)furan 

II 

10 

CicHicO* 

4-Keto-7-methoiy-l-metbj'l-l,2,3,47-tetra- 




hydrophenanthrene 

I 

— 

Cl«HjjO; 

4-Ket o-7-zn e thoxy-S-methyl-l ,2,3,4-tetra- 




hydrophenanthrene 

I 

37 


1,4.5, S-Di-(endomethj-Iene)-9,10-diketo- 




tetradecahydroanthracene 

I 

30 

CicHjiOs 

3-Eth5’l-4-hydroxy-o-methylphenyl n-hexyl 




ketone 

I 

53 

CitHatO. 

Cyclohexadecan-l,9-dione 

I 

— 


4,4'-Diacetyldiphenyl ether 

I 

— 

CitHnOa 

^1-Aeenaphthoylpropionlc add 

I 

60 

CiiHuO* 

P-3-Aeenaplithoylpropiomc acid 

rv' 

I 

50 

0 

CiiHiiOa 

^-i-Phenylbenzoylpropionic add 

ra 

B 



II 


CiiHuOj 

a-PBenyl-^benzoylpropionic arid 

m 




I 


CicHi<0* 

^Phenyi-^benzoylpropionic add 

I 

HE9 

CicHitO* 

<i,er-Diinethyl-^l-naphthoylpropionic add 

I 

49 

CrcHiiOj 

a, or-Dimet hyl-^2-'naphthoyI prop i o ni c a c5 d 

I 

55 

Cl^lrOj 

^-4-Ethyl-l-naphthoylpropionic add 

IT 

94 

CifHijOj 

o-Ethyi-jS-l-naphthoyipropjonic add 

I 

— 

CicHicOj 

lilethjd ^-t-methyi-l-naphthoj'ipropionate 

I 

SS 

CitHitOj 

^-G,7-r>imetbyi-2-naphthoyIpropiomc acid 

I 

90 

CietlirOj 

a-iIethyl-^-4-methyl-l-naphthoylpropiomc 




add 

I 

4 0 

CicHieOj 

a-^VIethj'I-^-o-methyl-l-naphthoylpropionic 




add 

I 

— 

CitHicO; 

a-^Iethyl-^-6-inethyl-2-naphthoylpropiomc 




add 

I 

70 

CitHicOx 

I ethyl-^-6-methyi-2-naphthoyi propi onic 




add 

I 

— 


1-Phenacylcyclohexane-l-acetic add 

I 

— 

CitHtrO, 

a,a-3-MethyIcycIopentane-^p-tolnylpropionic 




acid 

I 

— 

CtcH-O, 

a.a-c: 3 ’clopeatajie-^p-echyibenzcvlpropionic 




add 

I 

— 

CitK^Oj 

a,a-Spirocycloheiane-^j>-tolTiyipropionic 




add 

I 

— 

CitH-Oj 

T-3~Kcto-7-ethjl-l,2v3,4*-tetrahydron3phthi'l- 




2-n-butyric add 

V,- 

So 


* Q# yield reported as qaaatitative; G, yield reported ae sood; T, yield reported as poor, 
itidiaates t h at the yieJd is aot reported- 

t Reference atrmbera refer to the Icblitsgraphy on pp. 201-200. 
t R.P., redaction prodact. 


Refe 

ence 


22 

99 

51 

353 

191 

190 

72 

106 

52 
310 
476 
465 
476 
3S2 
3S1 
307 
322 
230 
343 
343 
371 
150 
132 
150 

150 

132 

150 

ISO 

230 

2S3 

410 

24S 

397 


A da 










COMTOUNDS REDUCED BY THE CLEMMENSEN’ METHOD 1S7 


Formuln 

Compound 

Method 

Yield * 

Refcr- 

encet 

Ci.rr«^), 

(r.a-C)'cIopenUno-^^-oUiy)bcQfO)lprDpiomc 

I 


410 

t-'nllwUl 

a,a.C}Tlohrxane-3-;^toIuylproidonie arid 

I 

_ 



S.d'Dihydrozypheaj'l i>-noo>l tcrtooa 

I 



53 

CitlfnOi 

>o-2<KetoryrIopeDt) lander) be acid 

I 



439 

Ci.IIitO. 

0-2>Di^uiofurO) Ipiopdonie ocid 

III 

S3 

364 

Ci.n„o, 


111 

72 

SS7 

Ci.ll.rf), 

0-t-Methoxy4>-D>cd>} i-l-oaphlliort propionic 






I 

50 

116 

C,.H,.0. 

0dt-Ar({hazs'-S-metIi)l-2-napbtlK>ylpropionia 





acid 

I 

53 

190 

Ci.HitO. 

C-Acetyl-7-hyJroiy.S'-inelliylcyclobexeno- 








311 

Ci,IIi,0, 

ft-Afe»yl-7-hydfoty-l’-m»th>lrydobe*rno- 





l',2'.d.3^urttann 

I 


311 

UitilkUt 

o-l>KetO'7-iT<etbo>y-5.^icnet)iyl'I.3.3.'l- 





tetrahydronaphihjI'S-propionie acid 

I 

S4 

04 

C'ltHitWt 

d-S.A-DKTtethozy-t'njpbdkoylrropiooie acid 

' I7I 

54 

S2l 

■JililltUi 

d*4,S'Dim«thoxy>l'nap)itbo>lpropio'ue and 

IV 

25 

221 



11 

20 

255 

t-'ltlliiUi 

i4-Methoiy-?,Vdimeth}lbnuoylba(aa^5.T- 





dmrboxjlic anhydride 

1 

00 

03 


M-.\(elh0fy<3,S^inr(hylbrnto>l><-l>ydf«sy- 





buCan^d.y^icaiboiylic and Isrtone 

I 

83 

107 

CitlligUi 

M.>l*tbozy>3.S>dim*thyltirn>oy<but4oe>d.7- 





d/darhnijbc and 

1 

53 

94 


7e4.M«thozy*3.b^m«(hylbcMo>lpropai>^ 





a.a.d-trlcarbofybc and 

I 


91 

C.ttT.jO.^ 

3,d.Piace(}{phenoi(lune 

1 


SIO 


3,0-6u>(ChIofoaPc(yl)-pheno((bine 

I 

" 

310 


Ci» 


c.,n,rf) 

1 ’.]>« to-1 ,2-eyclopenleDopbeiiaathrene 

II 


25S 


S'-Kcfo-liS-O’clopcnlwiophcoanttifene 

JV 



Ciill.rO 

3'-Keto-3.4-cyclopentrnopbeiiaothrene 

IV 



c„n„o 

I'-Krto-OplO-cydopentenopbenanthrene 

I 




S 0-Dcnio-I.2-dihyrfro-S-fcmMioaph(beBon« 

I 



CiiIli.O 

2>Yropion) Iphenantbmie 

IV 



ChIIkO 

S-Prcpionylphenantlirmo 




CiiH,.o 

l-Acetyl-4-methylphciianlhreno 




Ci,ll„0 





CiiHitO 

4'.Krto-l',2',3’,4'-t*frabydro^>*m*o- 

■ 

65 

143 


• Q, jicld ir»port«d m quwitiUtiv*. O. y>dil nporlcd u food. P. yield reported u poor A djsli 
indicatee tbet the ydeld la not reported 

t Reterene* nuinbcre refer to the bibliofrephy no pp SOl-109 
$ ILP • reduction product. 



1S8 


THE CLEMMENSEX REDUCTIOX 


Foirnula 

Compound 

Method 

Yield * 

B 

Ci;HnO 

l'-Kcto-l,2-cyc!oiJcntcno-0,10-<lihydro- 



1 


pFenantlircne 

TX 

— 

295 

CijHuO 

3 '-Keto- 3 . 4 -dil! 3 'dro- 3 , 2 -cj'clopcntent>- 





pdicnanthrcnc 

II 

— 

215 

CitHs.O 

3'-Kcto-l ,2-cydopontcao-0,10-dniydrt>- 



i 


phcnar^tiirene 

n' 

• — 

■ 225 

CitHuO 

l-Keto-2,S-€yclopenlcr!o-l,4-<3iliydn> 





pkenanthrcne 

I 

55 

421 

Ci;HnO 

4 -Ket 4 > 2 , 3 -<?yclopentcnO“l ,4-<iihydro- 





pheas-nthrene 

I 

— 

249 



I 

55 

421 

c,,H»o 

2 ,S-T>iphGnt*lcyclopeat<?ne- 2 -oae-l 

I 

— 

332 


RJ*.t l, 2 -I>ipheT! 5 *lcyclopeataae 




C,:H»0 

2,3-rHphent‘icvclopcntanone-l (c£j) 

III 

54 

305 



I 

— 

332 

CitHuO 

2 ^DipbcnvJirroIoi>cntano 2 C-l itrcm) 

ni 

eo 

305 



I 


332 

CiiHuO 

?-Tsob‘aty 7 ylSuorcne 

I 


15 

C.jHssO 

2 -Beazyltetraloae-l ! 

I 


64 

CitHiiO 

4-^te^h5i'S-pbenyUct^^,lone-l j 

I 


155 

C,:HitO 

! l-Keto-2,3-cj-c!opentano-l^^,4-tetrahydro- 





1 phenanttrene { 

I 

72 

237 

CiiHiiO I 

Iro-Diphenj'lpeataaone-S 

I 1 

76 

3 

CijHisO 

l-Eeto 2 , 2 , 9 -trimethyl-l, 2 ^ 3 , 4 -<etr 2 bvdro- 

1 




pbenanthrene 

I ! 

70 

343 

CitHuO 

l-Kthyi-4-l:eto-7-infctByl-l^^,4-tetrabydr{>- 





phenanlirene 

I 

Q 

131 

CitHhO 

4-Keto-l^,7-tTiinethyi-l^^,4-tet72l3vdro- 





pbenaathreae 

I 

— 

124 

CitHi.O 

4:-Kcto-l,3,7-t:imethyi-l^^,4-tctrabvdro- 





pbeaaathreae 

I 

— 

124 

C 17 H 1 .O 

4-Keto-I,6,7-triineth5d-l^^,4-tetrahvdro- 





pbeaanthrcae 

I 

— 

124 

Ci:H ~0 

3-Keto-l,2-«ycIopeataiio-3,4,9.10.1 1 ,13-hex3- 





bydropaeranthreae 

I 1 

— 

202 

C.:H~0 

l-Keto6,7-cydopentea<>-l,2^,4-'tetrsbydro- 

1 




napathalene^Z^-^pirocydopeiitaae 

I 

— 

421 



I 1 

— 

249 


<*-Etbjd'-l-keto-l,2^,4-tetrahydronaplith2lEae- 





2^-£ptrooyc3ohsi2ne 

I 1 

— 

24S 


4£r^,G,7 32-Heiahydn>-3-'7:-fct2tyl-4-rz~propfl- 





1 ( 2 ) -aapbtlislEaoae 

I 

57 

259 

C-TrldtiO 

Ciretoae 

I i 

— 

SI 

CitHiiO; 

7-Methyi-2-(&'ir,etboiyn£pbthyi-2)-cyclc>- 

1 

1 




pentanoae-o 

m 

— 

373 

CitHiiOj 

4-Keto~7 -lae ii:oxy-l^-diiaethyi-l^^,4-tetra- 

i 




bydropneaantfcrei: e 

I 

55 

152 


* Q. rspcrt^ C3 G# reportjed 2a gcod; P, jrisld r ep o rted aa " sk /:^. A dsa; 

•Cioilea that the yield a xiot repcrtesi- 

i HJP^ redtirtica prodnet. ' 








CO:^tPOU:\DS reduced BV the Cr£.MMEXSEN* AIETHOD IS9 


Formula 

Compound 

Method 

Yield * 

1 Refer- 
ease t 

CiiHijOj 

3,2-DirQ«tlifit«traK>'droac«naplith-<x,d-iodan< 





1.3-dione 

I 

93 


CiTHaO, 

2;2-Ihethj-lletralirdronapht}M(J}4jidan-l^ 






I 

__ 

2fi 



I 

— 

o> 



I 

__ 


CiiUnUs 

3,3-Di«l}ij-Uetnhydrt>n3phth-^,d-indan-l^ 





diono 

I 

13 

26 

CkHcOj 

2.S,S-Triothyl-4.7-<]imptitytiiMJ«n-l.^-dions 

I 

SI 

12 

CiintsOi 

3^-Diofh}t-i-m»tb3rt-*-*4opropy(iadaa-I.3- 





dionc 

I 

76 


UijUuOj 

l-(a-Kaplitho3])->l*-r>'rlopcDtr]>e-3-<'arbcia>lir 





arid 

I 


421 



1 

— 

249 

c„n,.o, 

1-O-Kaphtho} 1) -dL'-^~rlop*DirD«-2-carboQ be 






1 

— 

219 



I 

— 

4J1 


4-E«t^l>pli«Dji-t,34.t-(*tral>ydrooaphthoie 






JJI 

7S 

192 

CijHuOj 

0-S>riu9ro}-ipropia(iie arid 

1 II 

q 

143 


Ethyl 9-fiuoro)-(roPma(» 

I 

so 

43 


tUP.S nuorrohydroxyar^tie arid 




UnlliiUi 

S-A<«tjd-4-krt<>7'iiirthoiy.|.2^.4-te«tahrdK-- 





phraanthfror 

I 


422 

(JliUitUi 

iilrthyl ^-S-arrnaphthoylpropioiisto 

in 

GO 

465 



I 

47 

470 

C»U><0> 

l*(a>Kaphthoyil^Trloprn(ana-2-rart>ox}>te 





arid 

I 

79 

297 

CirtlisUi 

l.^Di-p^nigyipropanone-l 

nr 

Si 

5S7 


d-G-Iioprop}l-2-liaphtboylpropio(UC arid 


GO 

150 

C.iH„Os 

T-2-X*p!ith}l-a.Ar-trjfflrlfe»ib«lyrolarfoo» 

in 

S7 

337 

CitH»Oj 

a,<»-SpirorjTiopent»i>r-d-(5-indaDoyl)- 





pxo^oiue and 

1 


421 



I 


249 

Ci,HbO, 

a,a-CjTloh«ane-,S-lp-r«Jiribrn»oyl)-propiome 





acid 


— 


CitHhOs 

2,4-DihydroTyphrnyl "-deryl ketone 

I 

— 

53 

Ci7n,«04 

7 4'.Cj]])rtbcixy-2^-dihydroi9oaa'rone 


21 

350 

CitR,,0. 

Homoptcroraipm 


— 


Ci,H„OS 

2,6-Ihphrsij Ipenthianone 


40 



* Q, firJd nrvrtn] »» guiuilitaU'rf , O, jwU npoKed M Kood P, r>«ld reported as poor A dsrii 
Qdicat«a tJlal ths yneM is no* fopoitod 
t RolerRios nunbm nfrr to Ui« tnbtiacnptix «a PP- S0l«)9. 
t fU*, ndueuoa pnxfuct. 
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rormula 

Coinpoand 

Methoc 

i Yield- 

, Refer- 
ence t 

CuHitOi 

Cyclooctadecan-l.lO-dione 

I 

_ 


CuHj.O, 

^'S-Astbroylprofaonic acid 

IV 

70 


c,sn,.o, 

^••2-rhenanthroi'tproiMonio aeid 

II 

50 

13S 

c„n„Oi 

^'^•PhenanthroylproiaoDiO acid 

11 

60 

13S 

c.,n„o, 

0-9-rhenanthroylproidonio acid 

III 

79 

36S 

c„n,.o, 

d [2-(9,10-Dihydrapheiisi>tliroyI)]-propiome 






IV 

92 

3G9 



IV 

ss 

295 

CiiHitO, 

d-Ke(o-3,d-dipbenytcyclopcnfanp-l-earboxyiie 





aeid 

I 


S3 

c„n„o, 

O'CG-Tetroylibenatde acid 

I 

83 

39 


<r,(i-SpjyocyfJopcstan»-/^l-n»{>)>lboydpro- 






I 


417 



I 


241 

Ci,ni,Oj 

<>,/}-DicDCthyt-a-phenyI-|^ben>o>lpropioiuc 





acid 

IV 

SO 

401 

CiiHiiOi 

6 (9-(i.S,3,4-T»tnibydtopb«nanlbroyl)>pro- 





pionia acid 

IV 

96 

371 


l.^Di'P-ajusytbufanono-l 

HI 

53 

' 387 

CiiiiitiOi 

d^*Cutyl-3>rupbUioylpr«pionic acid 

IV 

78 

405 

UiititoUt 

d-3,0,7.S-T«tramethyl>3>oaphUtdylpropiome 





acid 

in 


377 

t;iiUioUi 

Methyl a.a-dimcthyl-d-4'methyl-l.tupblhoyl- 





propionate 

1 

44 

343 


fi [9*(l,3,3.4,5.9,7.8^tahydropbeaaQthroyl)]> 





propionic acid 

1 


270 


^ta-(l,2,3,4,g,tO,ll.l3-octabydropbenaD> 





tbroyDI-pro^'onie acid 

I 

— 

331 


fi~(S or d)-C>'cJohotane-J'*pifobj'dnndoyJpro. 





plonic acid 

I 

— 

331 

CitllttO, 

2,4-Dib3-droxypbehy1 n-uodecyl bctona 


— 

53 



I 


54 

CiellwOe 

Methyl ^-d-mcthoay-d'-icnoylpropiotiaW 

I 

20 

216 

CiillteO* 

Methjl d-4-metboxy-3-ienoylpropionato 


5S 

216 

C„1I„0, 

l,5-Di-n-caproyl-2.4-dihydroiyben*ene 




CnHuO* 

<*-Phcnyl-d-3,d-diiaelhoayben*oylpo)pioaio 





acid 

1 

91 

187 

Ci,n„ON 

2-rhenyl-&-benioylpyiidioe 

I 

0 

40 

CijIIriO,N 

Djhydrocodcinone 


— 

29 

CisH,iO.N 

Dib^rohydtoiycodeinone 


“ 



U.r J DibydrohydroTylbebtonono 




Cunj,0,N 

Dihydrotbcboinone 





• Q. yicI4 reported u quantiliUv*: Q. yield leported •« «oo<l. P. yield reported ee poor A cbeh 
iDdicAtee that the yield le oot reported 

t neCerenre numben refer to the bibhostapby on pp S)l-:09 
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Ci 9 


Fonniiia 

CijHnO 

CisHkO 

CisHitO 

CijHieO 

CijHicO 

CiiHjcO 

CisHuO 

CisHr.O 

CisH=0 

CljHiiO 

CisH«0 

CisHkOj 

C«H»0. 

CisHaOj 

CuH-tO- 


CijHtiOj 

CivHitOj 

CiiHitOi 

CnHicOj 

CijHuOj 

CitHjtOj 

CuH'-Oj 

CtsHnOj 

CiyVi^Oi 

C:>TUO, 


Compound 


I 4 ,S-Metbylene- 7 -l:£t«>- 7 , 8 , 9 , 10 -tetr 2 liydr*>- 
cluysene 

I 4 , 5 -iIetbyiene- 10 -keto- 7 ^.O.lO-tetrahydro- 
cbrysene 

1 - Metiiyl- 5 -keto- 5 , 6 . 7 ,S-tetrabydr£>-l^ 
benzanthracene 

2 - McthyI- 4 -l:eto-l , 2 ^, 4 -tetrahydrochTysene 

1 - Keto-l , 2 ^ 3 , 4 -tetrabydrt>-ll-metbylchTN'£ene 

2 - Metbyl-l-keto-l, 2 ^. 4 -tetrabydrotripbeiiylen£ 
Methyl ^G-fiuorenyl-^metbyl-n-propyl keton? 

1- KetO'9-inetbyl-l,2r3.4-tetrabydropbenan- 
tbrezie-2,2-£piroc3’clopeatane 

2 - Keto- 10 -Tnethji- 2 ^, 4 .o.C, 73 . 9 . 10 . 11 - 
decabydrocbrysene 

^KeU>-l'etbyl- 7 -i£oprop 5 'l-l, 23 . 4 -tetrabydro- 
pbenanthrene 
Androstenone 

Methyl n-beptadecyi ketone 
Lactone of 2 -fa-bydroxy-o-metbylbenryl)-l- 
naphthoic add 
Lactone of 2 -(a-hydroiy-a-mcth%'ib 5 nzjd)-l- 
naphthoic add 

2 . 2 - I >2 etby 1 -o-cy clobexenylindaa*! , 3 -di on e 

2 . 2 - I> 1 etbyltetrabydroacecaphtho-or,d-indaa« 

l, 3 -<lione 

Otstrone methyl ether 

2 . 2 - Djethyltetrahydronaphthocf, 5 'indan- 
1 ^ 3 -<iione 

A n d rortan - 3 , 1 7 -di on e 

ethylene-l-phenanthro^'i ) -propi oni c 

add 

^- 4 -Melhyl-l-pheiianthrojdprop:on:c add 
^-c»-Methyi- 3 -phenan.throylprop 1 onlc acid 
^'^Ic'thyJ-^2-phenanthroylpropj:onic add 
cr-Methjd-^O-phenanthroyJpropionic add 
5-<4..7-MethvIcrje-2.1Q-d£hyd;r>-2-pho^-»rv- 
thrcr.'l;-pTop:on:c add 
ar^-Hp:n><r’’c!ory?ntacc*~ 3 -^ 4 -melh 5 d-l-naph- 
thajd)-prop:on:c add 
1 ^S-Di-p-ardri/Ipentari-S-one 
Andronan- 3 , 1 7 -d:on-?-ol 
• 2 , 4 -Pihydroi:^ 7 ihcnyl n-dodecyl ketone 


Method 

yield * 

Keier- 

€3CS t 


59 

391 

IV 

41 

391 

D' 

£5 

399 

IV 

S 3 

369 

TV 

S 5 

399 

III 


355 

I 

H 

255 

I 

■ 

417 

I 


241 

I 

H 

279 

I 

Q 

131 

I 

40 

342 

I 

Q 

1 

III 

S 3 

220 

n 

74 

220 

I 

cs 

20 

I 

C 2 

26 

I 


oo 

n 

H 

140 

I 

^9 

34 

u 

35 

224 

IV 


391 

IV 


325 

IV 

S-S 

252 

IV 

50 

369 

III 

77 

305 

IV 

44 

391 

I 

- 

417 

III 

C 3 

.^i'T 

I 

G 4 

2-’4 

I 

i 

— 

53 


vLit s« act 

t Ktnr.V'nr fd'r to !i*e 

: H-P.. produn. 


^dd rr;*"-rt»r! a* r'Xjd: Pt rr^.Ttrd a* p'jcr. A 

■ar-Ky cr. 
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Fonnula 

Coinpouzu) 

Method 

Yield • 

Refer- 
ence t 

c„n,oO. 

6-Ac«tyl-7-hydroxy-frtt»«>etalino-(2'^,4,3). 

coumarin 




c„n„ON 

^tetllyI.S-phenyl-l-keto.2.(beluo-C.7HndoIadI' ; 
h}-dnde-3,S} 

r 



c„n„o.N 

R.P t l-M'tbyl-S-oai^tlt^cetic acid 
SioomrcJn^ 

I 


460 

C„H«O.N 

DiLydrosinomenme 

, I 

I 

' - 

71 

71 

C„H«ONBr 

ATeil>yI.8-pfa«n>-]-)'keto.^(brt>tno..4''lwRri}- 

2',l')-G,7.in<loldihydnde-7.S 

I 

95 

C„H„0,S, 

R.P.J 6-I3romo-l-ii>etl>7l-2-nAphthyUce(ie »cid 
Thianthre ne-dj«thylukdaDdion6 1 

j 

50 


C„HiiOsCl 

Lactone of 2-(jxh)oro.or-hydroxy.«-iaeihj'l- 
benayI»..na^tlioie add 


70 

265 


Cto 


c„ 11„0 

UKetochoIanthrene 

1 

IV 

22 

327 

L^KHitU 

l!>Acet}lchry«eBe 

11 

_ 

IDS 

c„«,.o 

IS-Acet) Uhrj’sene 

11 

63 

19S 

C„H,.0 

l>Ket^3ii,3,4.^te(raliydrocbdtanthren« 

II 

95 

557 

CioIIttO 

2-Keto-l,10.ditDelhyl-2^.4.S.6.7.3.9.IO.Il> 





decaliydro<hrj-»eoe 

I 

— 

279 

t.'|glI||U 

Phenyl o-tridefyl ketone 

I 

39 

471 


Lactone of 2-(<i-itydroxy>S.0^iee(b>l>3- 





naphtbylnuthyil-beDxoic acid 

11 

70 

263 

C„H.,0, 

Lactone of 2-(a*hydioty^.<MhiDethylbentyl)* 





l-naphthoic acid 

11 

76 1 

220 

c„n„o, 

2,tl-Diketo.S,14.<liinetb}lhex8tiydrortury9ene 

ttl 

cs 1 

444 

C»HmO, 

Lactone of 2-(a-hydro»y-6.o-dimethyl'7~ 





tctroljlntethjl) beiuoicacid 

11 

36 

272 

c,on„o, 

Dimcsityl diketone 

II 

0 

120 

CkHuO, 

2,2,5,6-Tetnimetb}l(elrahydrotiaphtbo-di.4n- 






I 


22 





26 

CroHigO, 

2,2-Diethyl.0,7-(2'4t'-dietloIcr€lopentct«»i- 





indan-l,3.d«nve 




C»H„0, 

2,2-Djelhj-1.5,6-(2',2'-diethyffyrJopciiteno>- 







— 


C«,nnO, 

Rmokione 

I 

— 

430 

C.oll«0, 

l.d-Mynstylphenol 




C,„I1,;0, 

4-n>droxy.3,6-diiiieth>1pl»eoyl it-undecjl 





ketone 

1 

45 

100 

CanitOj 

Cyeloeicosan-1 , 1 l-dtono 

I 

— 

62 


• Q. iie'd reportpd u G, jncW rrpotW •» cmi. P, >ifld rrcwrtjJ M poor A dnh 

t nefmiire numbnt nfer to tbe bibhoeraf^tv «» PP SOI-SOP 
t ILP., reduelion product. 
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Formula 

Compound 

Method 

Yield * 

C 20 H 16 O 3 

5-Keto-8-raethyI-5,6,7,8-tctrahydro-l,2-benz- 




7-anthroic acid 

IV 

61 

C 20 H 18 O 3 

Methyl a-methyl-j3-(3-pheiianthroyl)- 




propionate 

I 

P 

C 20 H 22 O 3 

Methyl a,of-spirocyclopentane-^-(4-methyl-l- 




naphthoyl) -propionate 

I 

— 

C 20 H 30 O 3 

3-Ketoetiocholanic acid 

II 

— 

C 20 H 30 O 3 

3-Ketoetioallocholanic acid 

II 

42 

C 20 H 32 O 3 

2-Hydroxy-5-methoxy-4-n-pentylphenyl 




7i-heptyl ketone 

I 


C 20 H 32 O 3 

l-Myristyl-3, 4-dihydroxy benzene 

I 


C 20 HHO 4 

9,10,ll,12-Tetraketo-2,6-^methyl- 




9, 10,11,12,15, 16-hexahydronaphthacene 

I 


C 20 H 18 O 4 

2,ll-Diketo-5,14-dimethoxy-l,2,9,10,ll,18- 




hexahydrochrysene 

I 

47 



I 

45 

C 20 H 18 O 4 

2,ll-Diketo-6,15-dimethoxy-l,2,9,10,ll,18- 




hexahydrochrysene i 

III 

27 

C2&H2204 

l,4-Di-7)-amsoylbutane 

m 

62 



I 

43 

C20H22O4 

l,6-Di-(2-hydroxy-4-methylphenyI)-hexane- 




1,6-dione 

I 

— 

020^2804 

3,ll-(?)-Diketoetiocholanic acid 

I 

19 

CcoHjqOc 

3 ,4'-D i e thy 1-2 , 3 '-di f 0 rmyl-6'-m e t h oxy-5 , 6- 




methylenedioxy-l,l'-diphenyl ether 

m 


020^3406 

2,15-Dimethylhexadecane-5,12-dione-l,16- 




dicarbox>*lic acid 

I 


CjoHisOBr 

2-(Bromoacetyl)-chrysene 

I 


C-oHtrOsBr 

l-(3',4'-Dimethox>'phenyl)-4-{2'-bromo-4',5'- 




dimethoxj’phenyl)-butanone-l 

I 

93 

C-oHijON 

Dimethyl-3, 8-phenyl-l-keto-2-(bcnz 0-6,7- 




indoledihydride-2,8) i 

I 

— 


R.P.tMethyl-(l-methyl-2-naphthyl)-accticacid 



C-t)H,gOiN 

Berberinium 

I 

92 


Used Zn-Cd and Zn-Pb mixture 




R.P.t 16,1.7-Dihydrodesoxyberbcr3n 



C 20 N 27 O 4 N 

Dihydromethylsinomenine 

I 

— 

C20Hi7O6N 

Carbazole-3,6-bi&-7-ketobutyric acid 

II 

54 



II 

— 


* Q, yield reported as quantitative; G, yield reported as good; P, yield reported as poor- 
indicates that the jdeld is not reported, 

t Reference numbers refer to the bibliography on pp. 201-209. 

+ R.P.» reduction product. 


Refer- 
ence t 


445 

151 

241 

375 

375 

280 

6 

157 

136 

186 

186 

387 

183 

168 

303 

316 

168 

218 

159 

69 

294 


9S 

212 

293 


A dasl 
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Cm 


Formula 

Compound 

Method 

Yield * 

, 

Refer- 
ence t 

CiiH„0 

S-Ac«tyl-2,3,4-trieUiyl-6,7-cycIobeKenoindan 

1 

53 



Dt-ft^eyi ietona 

r 



C«,II,oO, 

Cryptomena resin eonsbtoent 





CiiIIjoOi 

Methylhinolciona 

I 




CjjHmOj 

Methyl ether of augud 

I 



431 

CjiHj-O, 

Allopregna(iedione-3.20 

II 

— 

267 

C.iIIuO, 

Allopregnaaedione-S^ 

R P.| Allopregiiaoone-20 

II 

55 

324 


Pregnane<iione-3.20 

R.P J Preenanone-20 

II 

— 

324 

C|]ll|]Ot 

Vrariediono-3,U 

R.P.t Uraneone-ll 

V 

S5 1 

363 

CiiHiiOj 

Uranedions-’.T 




CjiIImOj 

AJlopregnanoI 20(n>*one4 

1 11 

10 

3S4 


S'Ctbyl-t-hydroiy-^methylpheDyl n-uodecyl 






I 

30 

106 


1 Methyl d't«(rahydToaeepbeoaothroyl-pro 





1 pionate 

I 

35 

476 


AlloprecneaetrioM-S.lI.SO 

I 

71 

303 



It 

— 

363 


Allopregnanetrtone-S.d.SO 

II 

— 

405 

CfillwOt 

Uranetnoae-3, 11,20 

V 

— 

363 



II 

— 

267 


R.P.t Uranedtoa^ll.20 




OiititjU] 

13-Ket«-lS-phenylpeotAdeeanoie acid 

I 

94 

1S9 

C„H,.0, 

3,4-Dihydro*yphenyl it-tetradeej'l ketoo* 

I 

— 

6 

c„n,pO. 

Methyl 3.7-diketoetiosllocbolausl« 

II 

30 

374 

C„K„0,NX 

Papatenn methiothde 

R.P.t d.l-Laudenosiu 

c 


204 


Cm 



t Reffr«flr« nurab^ refer to the btbUocrBph^ oo pp 301-S09 
; R P., redueuon produrt. 
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Formula 

Compound 

Method 

Yield * 

Refer- 
ence t 

C 22 H 1 CO 2 

2,2-Diethyl-4,7-<iimethyl-5,6-(2',2'-dietliyl- 





cyclopenteno)-iiidan-l,3-dione 

I 

88 

12 


l.-l-^Ij'Tistyletlioxy benzene 

I 

Q 

10 

C52H<&02 

Cvclodoco£an-l,12-<iione 

I 

32 

99 

C»HieOs 

^l.Chrj'senoylpropionic acid 

II 



300 

CkHicOj 

^2-ChTy^noylpropioEdc add 

II 

— 

300 

CjjHuOa 

or.^Diphenyl-^benzoylpropionic acid 

I 

30 

322 

CjzHjjOi 

^-S-Methyl-2-isopropyl-3-pFenantlrroyl- 





propionic add 

II 

5S 

257 

CjiHziO’ 

Ketolactone from tigogenin 

: n 

97 

193 

CjiHmO* 

3-Ketobisnorallocholamc acid 

II 

— 

14S 

CisHjsOi 

l-iI\Tist5’l-3 ,4-dime thoxybenzene 

I 

— 

4 



I 

Q 

10 



I 

— 

5S 

CsH^itOa 

l-(3',4'-Dimethoxypbenyl)-tetradecanone-3 

I 

— 

6 


l-^Iyristyl-2,5-dimethoxybenzene 

I 

G 

10 

CrrHssOi 

l,4-IM-(p-ethox5*benzoyl)-butane ! 

I 

— 

1S3 

Ct^ziOi 

Keto add from sarsasapogenin acetate 

II 

— 

355 

CsiH.tOs 

l-Kcto-6,7-dimethoiy-2-(3',4'--dimethoxy- 





benzyl) -^methyl-1 ,2^,4-tetraliydronaphtlia- i 





lene 

I 

50 

275 

CsHsOc 

2,ll-Ditet&-5,6,14,15-tetramethoij'- 





1,2,9, lO.ll.lS-heiahydrochrysene 

in 


ISO 

CaH-jOr 

4-Keto4i,7-^methoiy-l-vcratiyi.3-methyl- 





1 .2,3,4-tetrahy dronaphtiialene-2--carboiyii c 





acid 

I 


449 

CttH-.OjXs 

X-iletbyl-Jcc.-pf.-strycbiunc 

I 

2 

2S9 


C23 


CiiHisO 

2-Benzyiidene^plienyl-3-metbyI-indanoae-l 

I 


447 

CtiH«0 

Cyclotricosanone 

I 

— 

130 


Di-n-undeej'i ketone 

I 

32 

234 

CuHijO 

; 2-a-fcr-Hydroxy-cr,l'-napbthyIetliji-l- 





naphthoic add lactone 

m 

74 

3'’5 

CjjHjiOj 

Methyl- 6 - 2 cetjidebydroabietatc 

IV 


3S4 

CsrHjtOi 

Allopregnano!-20 (^)-oae-3-acetate 

IT 

Hl^l 

324 


R-P-t AUopTegnanol-20(^} 





Pregnan ol-20 ( a) -0 ne-S-ace ta tc 

n 


324 


l-( 2 ’, 3 '-Dimethoiyph»ayi)-pcat 3 dccanone^ 

I 


i 

CtjHziO, 

l-{ 3 ', 4 '-Dimethoi 5 -phcnyb-peatadecanonc -3 

I 


C 

(Jijii j«Uj 

3,4-Diinethoxyphenyl n-tctradecvl ketone 

I 


4 



I 


55 


Tetrahydroanhydrosannentogeaoae 

II 

Si 

^23 


• Q. repcrte?3 « G, yi^ report^ ts pood; F, yield rtporied as poor, 

irjdlratcs ibaJt y:t!d is nrA rrporPid. 

t Ileferer.re EumberB refer to ti.e lablic^crzpby oq pp. 201-25D9. 

♦ ILP., red-niot: prixicrl. 


.V da*i 
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Formula 

Compound 

Method 

Yield » 

Refer- 

OjsHjjOj 1 

XcirahydroanliydrodigoxigenoDO 

II 

_ 

223 



11 

— 

205 

Cs.nsiO, 

Dcsoxypyrolithol^anie add 

11 

— 

59 

C„H,.0, I 

Digitoxanondiaeid 

n 

— 

191 

C»H«0, 

Rotenone 

I 

-> 

104 

Ct,IlHO, 
Cj,H«Or ‘ 

Isarotenone 

Etli}’] 4-keto-6,7-diiDetbozr-I-verat(yi-l,3,3,4- 

11 

~ 

104 

CjjIIijOeCl 

(«(rahj^ronsphthaJen«-3-earbOQ4a<« 
j l,2,«i-Tn»cetoiy-*-(p-«UoTobcMyl)-n*phtha- 

I 


177 


1 n.P.J 4.(p-cWoroben»yl)-I,2-dihy<lroxy- 
1 BapblbaJpno 

I 


321 


Cji 


CnJIeeO 

Stoarophsoose 

HI 

77 

450 




24 

320 

U«<U «|<J 

Cyelohe^yl n-hepUdecyl ketotie 

I 

45 

234 

CiiIImO 

2,3-Dimelbyl*'‘*io«o»8nono-5 

1 


234 

CitHttOi 

3,2-Di«thyW"methyl.7-i*opropyI-5.^(2'.2'- 





dieUiyleyclop«n(«no)-m^i>-I.3^>ooe 

1 


25 

UitHtoUi 

Ii4-Palmityletho»ybeni*no 




C|.tI«.Oi 

Cyelot«tr»eoea't-I.13^ion» 

I 


09 


l-CycIop«[iWnyl-l3-(2.4-dibydfO*yph«nyI>- 





n-trideeanon»-l3 

I 

— 

SI 

Cjjtli.Oi 

(Chftufmooaryltwrcinol) 

l-Cyclopentyl*l2'(2.*-dihydroxyphcnyl).n. 




tridc«4none-13 

(DihydroehatdraooirylreoomooW 

1 


84 



Trihydrosyeholeno 

1 




3,4'Dimctho»ypheoyl n-pentadeo'l kotono 

1 



1 

Q 

10 



1 

— 

S3 

CiJljoO, 

l,0-Di-7*-anI»oylo<Uiio 

lit 

5S 

3S7 

Cj«llj»04 1 

Debydrohyodoeoiycbolic and 


— 


CmIImO* 

3.12-Diketoeholaiao and 

R P 1 12-KetocboIaiue and 





3-nydToay-7*keto«bolanw and 

t 

— 

237 


Ursodoeoiyehofio and 

' If 

— 



Dehj-droeholio *e'd 




R.P.J 7,i2-Diketo«b(Jaim! aeid 





U 

— 

13 


o-TrikeUKholanio aeid 

II 

— 

431 

c,.ii,.o, ! 

Dehydrocholic acid 


— 

423 




1 


II 


23 

c,ai„o, 1 

1 ThM>l^l 8,6'-l'-P-att»syW^-d*ydn«yailipat« 

1 

— 

13T 


• Q yi'lJ •rporteJ •» qu*nUI»UT«: a ywU rrpwirf »• r>o<l. T. y»rfJ hearted •• PW A d»fc 
ItidicmtM th«t the yield not report"! 
t Tttlermr* nanibm refer to th* biWiotrepby «« ^ SOI-509, 

J ILP.I reducooii prodoet. 
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C-sHicO 12-Beiizoylchryseiie 

CiiHnO* l-CycIopeatenyi-13-{2-liydroxy-47-methoxy- 

phenj'i j -n-tridecanone-13 
CisHuOi Pregnandiol-3,4-oiie-20 diacetate 

R.P.t AUopregnaae 

2-n-Peiitadecyl-5,6,73-t€tTahydroiiaphtbyl 

ketone 

1^,3,4^,6,73-TetracycIcpentenoanthra- 

quinone 

Cyclohexacosan-l,14-dione 

CjsPU'.Oz l-Cyclopenteiiyl-13-{2,4-diinethoTyphenyl)- 

n-tridecanone-13 

Ketocarbozyiic add obtained from cbolesterol 


CcHicO 

Cholestar.one-6 

n 

C-7H»^ 

Cholestaaone-7 

V 

Ct7H<rO 

Zynostanone 

n 

CsjHhO 

14-Heptacoiace (myrutone) 

I 


De$oivEarsa=3pog»aoae 

n 

CzrHxiOs 

CiiolertaEsdioae-3,6 

V 

jj 


Epieopro'taTiol-3-one-24 

II 

CsrHt-Oa 

Sarsasapogenoas 

IV 


C^H^iOx 

CrrH^zOz 


Ct:H 4 «Oz 

C-7H4'.04 

C^H4-.04 

CrTH4<Oi 

CctHuO; 

C-tHcON* 

C^HzjO^N* 

Cr:nr.04X 

CrrH-sOjX 



Isosarsasa j>oge none 

Psen d o«ar3a«a pose none 
Tijosenone 


Tigo^enin 1 

Anbydrcfsarsaaapo^noic add 

Chlorosenone 

Kctodl carboxylic add from cbolestanone 
G-Ketolithobilianic add trimelhyl ester 
Solatnbenone 

J^.r^.p-Tclyldcfoxj'berberin 
0-Pbenyl d csoiypalmatin 
I R*P.t 9-PhenyI-2^,ll,12-telraineti:oiyberb:n 
1 r*-r>-An:r;.*lde50x>*l'»CTbcna 


xrvd &.• frairtitsUT^; G, rr7<.rt<d ts x-xd; P, reported zs peer, 

e yj-r!d l« rTp^-rt/d. 

r^^r lo th» ca pp IS^J~209. 

J 02 produr: 
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C» 


Fotmula 

Comtiound 

Method 

Yield • 

Refer- 

en«t 

CnHteO 

Erguttatnenone 


_ 


CwIIttO 

a-Ereo*Uulienon« 

lit 

_ 

123 

CwUt.O 

o-Erguatanono 


_ 

CwH..O 

2-it-lleptadeey|.A,tt,7,^l^trohyilronnphtbyI 

Hr 

AS 



CampnoepermonjI metjl ether 





C)'rto-oetaraAtn-i.lS.dione 

I 

SI 


CttII„0, 

13-Keto-23-pheit>lbehei»e and 

I 

30 


C«II«0, 

rreoat.lnedioool 

II 

— 


c,.tr.,o, 

Tnketobufnetertyebotenic •rnl 

II 




c„ii„o. 

Trikeloiaoiteeoehoteciie acid 

I 




CmIImO, 

Tnkeiobufoalenxholanic and 

II 

_ 

439 

c,.tr,TO.N 

0-V*ralr)ldciOxybctberin 

n 

G 

170 


Ctt 


c»n„o 

Horeehinoeytteoone 

n 


392 

CnII«0 

Olcanone 

I 

— 

4S0 



n 

— 

473 

C||H.,0 

2-MelhyW-"-pent*d*ejrl.5.(!,T.8-tetrahydri> 





n«pfith)'l ketone 

ir 

so 

3S3 

CnIlMO 

OofflUIeoeUnone 

I 


281 



n 

72 

38S 

C„IIa,0 

InagoaUnone 

n 

— 

282 

C„1I„0 

Cyrlononaeoannone 

■ r 

— 

M 

CmIImO 

15-Nonacoa.tnone (lautone) 


— 

127 

CfllliiO 

S-Nonscojanone 

I 

— 

127 

Cf,n„o 

lO-Nonaeosanone 

I 

— 

127 

CmIIiiO 

i 12-Nonaco»aiione 

I 

— 

127 

CI.TI..OI 

Noreehinocyttendiooe 

u 


392 

CnlliiOi 

Sapogenol dikotone 

a 


247 

CtiHiiO* 

' OiketolaceoneoIqluUaJeBerd 

a 


379 

c«n.,o. 

V]Iydrozy-3.etearoyl-4.G,7'tninetliyti«oeou- 





marsnone 

a 

Q 

1 

277 


rrporteti w (;uAnErUCfr#i O, yiM zrporttd w P, rtporled u poCT A daab 
Indicate* th*i th* yield i> not repotted 

t Iteferenee number* r«ter to th* bibbociophy oa pp 201-209 
i tlP , redueuon product. 
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C 30 — C 31 


Formula 

Compound 

Method 

Yield * 

Refer- 
ence t 

CjoHuO 

CisHioO 

CrJBiiO 

CjoHiiOe 

CscHkOi 

CisHj.sOj 

CjsHwOi 

CroHs..05 

CjiHstO 

CjiHciO 

CnHviOj 

CjiH^sOi 

n-Heptadecyl biphenyl ketone 

Lupanone 

Cyclotriacontanone 

l,2,3.4,5,6,7,S-Tetracycloheienoanthraquinone 
Cyclotriacontan-1 one 

Oleanonic acid 

Methyl hedragon 

13-Keto-n-triacontanoic acid 
ilethyi ester of diketoquillaic add 
147-Keto-octaco£ane-l,2S-dicarboxyHc add 
9-cr-Naplithyldesoxyberberin 
<zr.-2-Methyi-3-phytyltetralin 
15-Hentriacontanone (palmitone) 

Methyl oleanonate 

Oxidation product of methyl echinocystate 

m 

n 

I 

IV 

I 

I 

n 

n 

I 

n 

I 

n 

n 

I 

n 

II 

m 

450 

443 

S2 

372 

S2 

99 

245 

347 

160 

379 

S2 

170 

353 

127 

245 

352 


C32-*-*Cg7 




CttHtiOj ! 

Cydodotriacontan-l,17-dione 

I 

— 

171 


Ergosteron-3-maleic anhydride addition 





product 

n 

35 

204 

Cj!-H<sOs 

Ketoacetyloleanolic add 

n 

— 

245 

CuHs^Oi 

Diacetate of -i-hydroiystiginastanol 

n 

— 

269 


Stigmastane 




CuHr-O; 

3,9-Dibenzoylperylene 

I 

— 

105 

Cj^ClO; 

Cyclotetratriacontan-l.lS-dione 

I 

— 

171 


13-Ketotetratriacontanoic add 

I 

so 

229 

CjsHjiO 

Pentatriacoatanone-18 (Stearone) 

I 

— 

127 



I 

Q 

1 


Ketone acetate from desoiysarsasapogenin 

n 

6 

303 

CnB-,0 

Triphenylmethyi 4-(diphenyiiijethyi>phenyi 





ketone 

I 

— 

70 


T ribenzoyiperylene 

n 

— 

199 


R-P.J Eenryldibenzoylj>eTyieae 




(J4!±ls.-.U2 

13-Ketohexatetracoatanoic add 

I 

S6 

2*29 

CerHiiiO 

n-Heptahexaeontanone-34 

I 


229 


• Q, yie^d report^ as cpiaatitatire; G, yield reported as gorxi; P, yield reported : 
indicates tial the yield is not reported. 

t P^erence numbers refer to the bibliography on pp. 201 - 200 . 

J Il-P^ redcctioa prodset. 


,4. das- 














REFERENCES TO TABLE 


201 


REFERENCES TO TABLE 

* Clemmensen, Ber., 46, 1S37 (1013). 

* Clemmensen. Bcr., 47. 51 (1014). 

* Clemmensen, Ber., 47, 6S1 (1914). 

‘ Majima and Nakamura. Ber.. 46. 40S9 (1913). 

‘Johnson and Uodee, J. Am. Ckem. Sac,, S5, 1014 (tStS). 

* Majima and Nakamura, Ber , 43. 1597 (1915). 

' Majima and Tahara. Btr., 48, 1600 (1915). 

’ V. Auwera and Borscho, Ber., 45, 1716 (1915). 

* Freund and Fleischer, -inn., 411, 14 (1916). 

” Johnson and Kohmann, J. .4m. CArm. Soe,, 36. 1259 (1914). 

Freund. Fleischer, and Gofferje, Ann . 414, 1 (1917). 

“ Freund, Fleischer, and GnSerje. Ann., 414, IJ (1917). 

** Freund, Fleischer, and Gofferje, Ann.. 414, 20 (1917). 

“ Freund, Fleiseher. and Goffetje, .Inn.. 414, 37 (19(7). 

“ Freund. Fleischer, and Stemmer. .4nn , 414, 44 (1917). 

'• Boraeho and Rosenkrana, Bee.. 54, 34J (1919). 

" (Vindaus and Bahlen, 2. pkffuol Cktm.. 101, 253 (1915). 

“ Borsehe. Btr., S3, 1353 (1919). 

Auaera, Ann . 419, 02 (1910). 
rieiacher and WolS. Brr,. 63, 925 (1920). 

V. Braun, Kirsebbaum, and Scbubmann, Btr., 63, 1155 (10'>0), 

** Fleiseher and Sieferc, Bee.. S3, 1255 (1920). 

” lllcland and Borscbe, Z pli;i$ial Cheat . 106, ISI (1919). 

“ Lnnsloi*, Ann., ehim , 13, 205 (1919). 

” Fleischer, Ann . 433. 231 (1921). 

“ rielscber and Siefert, Ann , 433, 272 <1921). 

*'Boracbo and Roth, See.. 54, 174 (1921). 

“ Wiodaus aud Stsdeu, Ber . 64, 1059 (1921). 

“ Manmch and Lotrenbeim, Anh. Pharn,, 35$. 295 (1920). 

” Majima. Bcr., 65, 191 (1922). 

Maulhuer. J. prtitt. Chem., 103. 391 (1922). 

” Borsche. A'ocAr. kgC. Get. B'ut. CUtmten, .VaiA.-pAmU. ATlosje, Ii, ISS (1920) (C. A, 
16, 912 (1922)]. 

” JI.s>er and SirfiliU, Brr., 85, 1S35 (1922). 

** Fleischer and Retie, Ber., 56, 22S (1923). 

” KroUpfeifler and Schafer, Ber . 86, 620 (1923), 

** Maj'er and Stamm, Ber., 56, 1424 (1923). 

” Ruiicka and Mingajtim, Nelt. Chim. Acta, 8, 710 (1922). 

“SteJnlopf and )FcJ/rnin, Ann., 430, 113 (1923). 

*• Schroetcr. Ber.. 54, 2242 (1921). 

" Benaiy and PsiUe, Ber., 67, 828 (1924). 

“ V. Aua'era and Wittig, Ber., 57, 1270 (1924). 

** Windaus and Bohne. .Ann., 433, 278 (1023). 

*’ IVialieenus and Weitemeyer, Ann., 436, 1 (1924). 

“ Schroetcr, Ber,. 87, 2025 (1924). 

« IlflcVel and Goth, -inn . 411, 34 (1925). 

“ Hess aud Bappert, .inn., 411, 151 (1925). 

" KroUpfeiffer, SchulUe, Sehumbohm. and Somtoetmeyer, Ber., 83, 1051 (1925). 

“ V, Braun and Rcutler, Ber., 59, 1922 (1920). 

*• IVieland and Jacobi, Ber.. 69. 2001 (1920). 

“Ifieland and .Marti, Ber., 59, 2352 (1926). 

“ Ruiicka, Kelt Chim. Acta, 9. JOOS (1926). 

“ Shriner and .Vdaias, J. .im. CAem. Sae„ 47, 2727 (1925). 



202 


THE CLEMMENSEN REDUCTION 


Dolune, Cos, and ^Miller, J. Am. Chem, Soc., 48, 16SS (1926), 

Klarmann, J. Am. C/iem. Soc.t 48, 235S (1926). 
lOarmann, */. Am. Chem. Soc.^ 48, 791 (1926), 

Klarmann and Figdor, J. Am. Chcm. Soc., 48, 803 (1926). 

” Johnson and Lane, J. Am, Chem. Soc,, 43, 34S (1921). 

“ Majima and Nakamura, Bcr.^ 46, 40S9 (1913). 

Windaus. Ann., 447, 233 (1926). 

V. Auwers and Mauss, Ber., 61, 1495 (1928), 

“ LaForge, J. Am. Chcm. Soc., 50, 24S4 (192S). 

Uuzicka, Stoll, and Schinz, Hdt. Chim. Acta, 11, 070 (1928), 

V. Braun, Bayer, and Cassel, Ber., 60, 2G02 (1927), 

«* V. Braun, Ber., 61, 441 (192S). 

V. Braun and Hath. Ber.. 61, 956 (192S). 

Diels, Gadke. and Kording, Ann., 459, 1 (1927). 

** V. Braun and Manz, Ann., 468, 25S (1929). 

V. Braun, Manz. and Reinsch, Ann.. 468, 277 (1929). 

“ Fries and Kustcr, Ann., 470, 20 (1929). 

IVicland and ICloss, Ann., 470, 201 (1929). 

Kondo and OcMai, Ann., 470, 224 (1929), 

*- Diels and Mdcr, Ann., 460, 9S (192S), 

V. Auwcrs and Mauss, Ann., 460, 240 (102S). 

"* V. Aurvcrs, Bundosmann, and 'Wieners, Ann., 447, 162 (1920). 

V. Auvrers and Saurwoin, Bcr., 55, 2372 (1922). 

V. Auwcrs, Lechncr, and Bundosmann, Bcr., 58, 36 (1025). 

^ V, Auwcrs and ■W'icncra, Ber., 68, 2S15 (1925). 

Schroctcr, Muller, and Huang, Bcr., 62, 645 (1929). 

Asahina and Ihara, Bcr., 62, 1196 (1929). 

V. Braun and Anton, Bcr., 62, 145 (1929). 

Ruzicka, Schinz, and Seidel, Heir. C/a*m. Ac/a, 10, 695 (1927). 

*" Ruzicka, Bruggcr, Seidel, and Schinz, licit. CViim, Ada, 11, 496 (192S). 
*^ncnzc, J. praht. Chcm., 119, 157 (1928). 

Hincgardncr and Johnson, J, Am. CV»cm. Soc., 51, 1503 (1920). 

Jones and Smith, J. Chcm. Soc., 65 (1928). 

Weiss and Kratz, Monaifh., 51, 3S0 (1929). 

Kootschot, licit. Chim, Ada, 13, 474 (1930), 

** Clarkson and Gombcrg, J, Am. Chcm. Soc., 52, 2SSI (1930). 

Cox, J. Am. CArrrt, Sr>c., 52. 352 (1930). 

Qudral-i-Khud.a, J. Chcm. Soc., 206 (1930). 

Coulthard, Marfhall, and Pyman, J. Chrm, Soc., 2S0 (1930). 

Harvey, llcllbron, and Wilkinson, J. Chcm, Soc., 423 (1930), 

•* Clemo, ILaworth, and Walton, J, Chrm, Soc., 1110 (1930). 

** CIcino, Haworth, and Walton, J- Chrtn. S'>c., 236S (1929). 

** Youtr and Pcrkiiii, J. Am. Chrtn. S<>c,, 51, 3511 (1029). 

V. Brnun and Wei-Amch. Brr., 62, 2116 (1929). 

*' Arndt and Schnudcr, Bcr., C3, 313 (1930), 

Kondo and Ochiai, Bcr., 63, 6S6 (1930), 

Uii:irL:i. StoU, Htiyi^^T, and Ilrlr. C/um. .Ir.'a, 13, 1152 (1930). 

(A'-rno and Haworth, J. Chm. S^rc., 2579 (1930). 

Clrino and Ua:nap:»>, J . Chrtn. S--c., 437 (1931). 

*-* Willing. J. t:h*r>u 1333 (1931). 

at'-d Hafri*, J. .4r;. Chrm. S'‘r., 52, 4^6<'» (1930). 

Hallf r and I/vl'orsr^, J. .Sm. ('Krvx. St^., 53, 3r2»‘» (1931). 

‘■■•7:rA^ and B»'n:;dMrf, .. 56, 153 nO’.JO.. 

V. A'JT^cr'* R;.d Ann., 4S3, 4 I (l'*Uh. 

:*■ a:;d B'r.. 63. 27 'j3 (1930). 

' * W*-!rVjr: 1 nod T< 'tw r.]» r, lUr., 64, tl9 H?, 



REFERENCES TO TABLE 


203 


>« Hansen, Ber., 64. lOW (1931). 

Coi, Rec. trav. chim., 60, SIS (1031). 

Mauthner, J. prakt. Chem,, H9, 281 (1031). 

>'• Mauthner, J. praU. CAem.. 112. 268 (1926). 

“» Ruiieka and Tieth, Iltlii. Chin. Arta. 14, 1000 (1931), 

Ruiicka, Koolhaas, and Wind, Htlt. CAim. Ada, 14, 1151 (1931). 

•'* Ruiicka, Koolhaas, and AYmd, Htlt. Chim, Ada, 14, 1171 (1031). 

RusicVa and Waldinann, Ilth. Ckm, Ada, 15, 007 (1932). 

“’v. Braun and Irniisch, Ber., 64, 2161 (1931). 

»• UovicUs and Ilowella, J. Am Chtm. Soe., M. 401 (1932). 

»• Ballard and Dehn, J. Am. Chem. Soe., 64, 3969 (1032). 

Kohler and Baltily, J. Atn. CAem. Soc.. 64. 4015 (1932). 

Haworth, J. Chem. Soe., 1125 (1933). 

Its Haworth and Mavin, y. CAem. Sot., 1435 (1932). 

»•> Ileilbron, Spnng, and Webster, J. Chem. Soe.. 1705 (1932). 

Haworth and Bolam, J. Chem. Soe., 2213 (1933)- 
Haworth. Letaky, and MaWn. J. CAem. Soe., 1781 (1032). 

”* Frosehl and Ilarlass. ,Uona/j.A., 89. 275 (1931). «r noni 

Piper, Chibnall, HopUns. Pollard. Smith, and ItUhams. Biochem. J.. 25. 2072 (1931) 
*’*Tscbeacho, Ann., 498, 135 (1932). 

•St Borsche and Niemann. Ann., 609, 264 (*^53). 

Ruiieka and StoU. tleli. Chm. Ada, 16, 493 (1933). 

Haworth, J, CAem. Soe.. 2717 (1932). 

Haworth and Mavin. /. CAem. Sot., 2720 (>«;>• 

‘•‘Clemo, Ramaac. and lUper. J. CAem. Soc., 2^9 (193.). 

Robertson and Waters, J- Chtm. Sot.. 83 (1933). 

*»* Barnett and Sanders, /. CAem. Sot.. 434 (1933). 

>** Ramage and Robinson, J Chem. Soe.. 607 (1932). 
lit Cook and Lawson, J. CAem. See.. 827 (**33). 

Haworth and Mavin. J. Chem. Soe.. lOP. (**33). 

‘St Ojok and Hewett, /. CAem. Sot.. 1093 (1923). 

»" Haller, y. Am. CAem. See.. 65. 3032 (1^). ,,033) 

■“ r..i.hoU, Ited.., ..d Tw.a J. .t». c„m S. . ^ w>- 

«■ „d V.. d. limp. •<". “• <'™- 

KoeiKh, J. Am. Chem. See.. BS, B*®* 

But.„..dt, Stom., ..d WCpM. Z- 

Wibaut and Ilackmann. Bee. «ror. eAim., 81. 1157 (1932). 

Fernholi, Ann., 807, 128 (1933). 

•« Brunner and Grof, .Voxahh.. 61, (*»«• 

»• Haworth. Mavtn. and Sheldrick. A. ^ (**»«• 

Cook and Ilndewood. y. CAem. See.. 

»« Haworth and Sheldnck, J. Chom <*««• 

•» linstead and Meade. J. Chem. 

Uwls and Robinson, J. < 

Plant and Williams. J. Chem. ^.>f . 1113 (1931). 

rw. ..=3 

Robinson, J. Chem. .-if.. 1W3 4**^ M91 {19M) 

.5,^7 WOT. 



204 


THE CLEMilENSEN EEDHCTION 


Klannann, Sbtemov, and Gates, J. Am. Chcin. Soc., 55, 25/6 (1933). 
^^^"Wibaut and Oosterhnis, Rec. trax. cAi'm., 52, 91;1 (1933), 

Read, Reddish, and Burlingame, J. Am. Chem. Soc., 56, 13^ / (1934). 
Schrrenk and Prievre, J. Am. Chem. Soc.^ 56, 2101 (1934), 
iloore, Day, and Suter, J. Am. Chem. Soc., 56, 2456 (1934). 

A-vre, Ben, 67, S36 (1934). 

Ruzicka, Hurbin, and Furter, Heir. Chim. Ada, 17, 78 (1934). 

Goldstein and Glauser, Helx. Chim. Ada^ 17, 7SS (1934). 

Huckel, Sachs, Yantschulewitsch, and Xerdel, Ann., 518, loo (1935), 
Nenitzescu and Gavat, Ann., 519, 260 (1935). 

Fieser and Seligman, J. Am. Chem. Soc., 57, 942 (1935), 

Stoughton, J. Am. Chem. Soc., 57, 202 (1935). 

Haworth and Sheldrick, J. Chem. Soc., 636 (1935). 

King, J. Chem. Boc., 932 (1935). 

fiercer, Robertson, and Cahn. J. Cficm. Soc., 997 (1935). 

^ Barrett, Cook, and Linstead, J. Chem. Soc., 10G5 (1935), 

^ Barrett and Linstead, J. Chem. Soc.^ 1069 (1935). 

^ 003 ' and Finstead, J. Chem. Soc., 1063 (1935), 

Plant and Tomlinson, J. Chem. Soc., 1092 (1935). 

^ ilotwani and Wheeler, J. Chem. Soc.^ 1095 (1935). 

^ Chuang, Ma, and Tien, Ber., 68. 1946 (1935). 

Lernis, Ramage, and Robinson, J. Chem. Soc.^ 1412 (1935). 

^Robinson and Youn g , J. Chem. Soc.^ 1414 (1935). 

Clemo, 2tIorgan, and Raper, J. Chem. Soc., 1743 (1935). 

Hillt; and Robinson, J. Chem. Soc., 2S1 (1936). 

^ Hill, Short, and Higginbottom, J. Chem. Soc.^ 317 (1936). 
isi Short, Stromberg, and Wiles, J, Chem. Soc.., 319 (1936). 

^ Hcwett, J. Chem. Soc., 596 (1936). 

Tschesche and Hagedom, Ber., 68, 1412 (1935). 

Jacobs and Elderfield, J. Biol. Chem., 103, 497 (1935). 

Fieser and Seligman, J. Am. Chem, Soc., 57, 2174 (1935), 

^'^iliUer and Bachman, J. Am. Chem. Soc., 57, 2447 (1935). 

Brunner and Grof, ^fonaUh., 66, 433 (1935). 

Funke and Muller, J. prahl. Chem., 144, 242 (1936). 

Zinke and Gesell, Monalih., 67, 1S7 (1930). 

Fieser and Dunn, J. Am. Chem. Soc., 58, 572 (1936). 

Pinkney, Xesty, Wiley, and Mark'd, J. Am. Chem. Soc,, SS, 972 (1936). 
“ Lehmann, Ber., 69. 631 (1930). 

^ Asahina and Yasue, Ber., 69, 643 (1936). 

Dimroth and Trautmann, Ber., 69, 009 (1936). 

Tschesche and Bohle, Ber., 69, 793 (1930). 

— Chuang, Tien, and Ma, Ber., 69, 1494 (1930). 

^ (Thuang and Huang, Ber., 69, 1505 (1930). 

Peak and Robinson, J. Chem. Soc., 759 (1930). 

Hawthorne and Robinson, J. Cf^em. Szc., 763 (1936), 

Reinde! and Xiedcrlander, Ann., 522, 218 (1930). 

Friedmann, J. prcJri, Chem., 146, 65 (1936). 

Mitchell and Plant, J. Chem. Soc., 1295 (1930). 

Oemo, Metcalfe, and P^per. J. CUm. Soc., 1429 (1930). 

Clemo and Metcalfe, J. Chem. Soc„ 600 (1936). 

Bardban, /. Chem. Soc., 1S4S (1930). 

Fieser and Bradsher, J. Am. Chem. Soc., 5S, 173S (1936). 

Ncnitrescu and Cioranescu, B'r., 69, 1S20 (1930). 

Funke and Ristic, J. p-cl-t. Ch*m., 146, 151 (1036>. 

*** Le-.-v. Cempi. rend.. 203, 337 (1930). 

™ Fieser and Xewmaa. J. Am. Chem. Soc., 53, 2376 (1030). 



205 


REFEREXCES TO TABLE 

Ficscc and Ilcrshberg. J. Am. Chem. Soe.. 68, 2382 (1936). 

*" Fiescr and Srligman. J. Am. CAem. Soe , 68, 2482 (1936). 

Tschcscho and Bohle, Per., 69, 2407 (I93<>). 
llciclistem, Iltlc. CAiin. Arta. 19, 979 (1936). 

*" Ruiicka, Hofmann, and Sebellciiborj, JJrlt. CJiim. Acla, 19, 1391 (1936). 
Robertson and Submmaniam. J. Ciem. Soe., 278 <1937). 

Bridge, Heyes, and Robertaon. 3. Chen. Soe., 270 (1937). 

*” King and L'Ecuyer, J. Cktm. Soe^ 427 (1937). 

Francis. Iving, and WiUts. J. CArm. Soe., 999 (1937). 

*” All, Desal, Hunter, and .Muliamnuid, 3. Ciem. Soe , i013 (1937). 

•” Adelsoii and Dogert, J. Am. CAem. Soe., 89, 299 (1937). 

Bruco and Ficser, J. Am. Chem. Soe., 69, 479 (1937). 

Fiescr and Soligman, J. Am CAem Soe.. 89, 883 (1937). 

Stratmg and Backer, fire trtn. eA«m.. 65. 903 (1936). 

*”Guha and Nath. Per., W, 931 (1937). 

Stensl and Fichtcr, Ileh. CAim. Acla. 20, 840 (1937). 

*" Inasaki, Z. pAjfjiol. CAem.. 844, 181 (1936) |C. A.. 51, 1033 (1937)) 

•“ Fujii and Mataukawa, J- BAorm. Soe. Japan. 66, 643 (1930) (C. A., SI. 1033 (1937)]. 

Kviroda and Wada, firoe. imp. Acad. (ToAjw), 12, 239 (1936) [C. A.. 81, 1794 (1937)). 
*^*l.imayo and Chate, fiaeovanam. I. 39 (1936) (C. A.. 31, 3162 (1937)). 

Sciigupta, Cumal Se. , 6, 295 (1936) (C. A.. 81. 2587 (1937)). 

DcMi and WaJj. J. Vnit- Bombov. 8, 73 (J936) IC. A., 81, 3038 (1937)), 

>*i Teukamoto, Ueno, and Ota. J. Pham. Soe. Japan, S6. 031 (1936) [C A., 31, 3493 
(1937)]. 

*** Kondo and Watnnabc, /- BAam, Sat. Japan, 64, 005 (1931) [C. A . 81, 101 (1937)], 
Kuwada and Matsukava, /. BAorm. Soe. Japan, 51. 461 (1934) [C. A., 81, 103 
(1937)). 

Slanh and Laiwalla, Current Set . 8. 107 (1936) (C. A . 31, 6219 (1937)]. 

Kaiuno, J. Pujchem. (.Japan), 35, 251 (1937) (C A.. 81, 6669 (1937)). 

•** Senpipta, Seienee and CiAfure. 8, 57 (1937) (C. A.. 81, 7666 (1937)]. 

’*' Scngupia, Seienee and Cutlure. 8. 50 (1937) (C. A.. 31. 7S6S (1937)]. 

““ Clemo and Meteal/e. J. Chem. Soe.. J5I8 (1937). 

Bridge, Crocker, Cubin, and Robertaon. J. Chem, Soe , 1530 (1927). 

“‘George and Robertson, J Chem Soe, 1535 (1937). 

Bell. Bcidge. and Robertson. J. Chem. Soe . 1542 (1937). 

“• Hill, Short, and Stromberg, J. Chem. Soe.. 1019 (1937). 

IIiU, Short, and Stromberg. J. Chem. Bee., 937 (1937). 

I-rance, Maitland, and Tucker. J. CAem Soe . 1739 (1937). 

Adelsoti and Bogert, J. Am. CAem. Soe , 59, 1776 (1937). 

“* Bachmann and Kloetsel, J Am. CAem. Soe., 69. 2207 (1937). 

“• Ncety and Blafvel. J. Am. Chem. Sot.. 69. 2062 (1937). 

*•“ Ritttney, Nesty, Reareon. and Mamel. J. Am. Chem Soe., 59. 26CC (1937). 

Pinkney and M3r>el, J. Am. CAem. Sec, 69, 2600 (1937). 

Pearl and Dehn, J. Am. CAem. Soe., SO, 57 (1933). 

*“ Fieser and Seligmnn, J Am. Chem. Soe . 60. 170 (1933). 

”* Fieser and Snow. J. Am. Chem. Soe.. 60. 176 (1933). 

•“ Newman and Ordiin, J.Am. Chem. Soe.. 60, 5S6 (1933). 

“• Bruce and Kahn. /. Am. CArm. Soe., 60. 1017 (1933). 

Alarker, Kama, Onkwood, VVittle, and LawBon. J. Am. CAem. Soe., 60, 1061 (1938). 

*'• Marker, Kamm. Oakwood, Witlle. and Lawaan, J. Am. Cktm. Soe., 60, 1067 (1938) 

“• Marker^ Kamm. and WitUe, J. Am. CAem. Soe., 60. 1071 (1938). 

•“Van doKamp, Durger, and Moeettig. A. Am. CAem. Soe , 60, 1321 (1938). 

•“ IVeumann, Bergmann. and Berlin. J. Am. CAem. Soe , 60, 1331 (1938). 

”• Fieser and Jones, J. Am. CAem. Soe.. 6o, 1940 (193S). 

Clemo. Cook, and Raper, J. Chem. Soe., ttS3 (1938). 

•’« Shah and Shah, J. Chem Soe., 1424 (1938). 



206 


THE CLEMMENSEN REDUCTION 


Atkinson and Haworth, J. Chem. Soc., 1681 (1938). 

Clemo, Cook, and Raper, J. Chem, Soc., 1318 (1938). 

Bergel, Jacob, Todd, and Work, J. Chem. Soc.^ 1375 (1938). 

2^8 Shah and Laiwalla, J. Chem. Soc., 1828 (1938). 

223 Jones and Ramage, J. Chem. Soc., 1853 (1938). 

2S0 Cruickshank and Robinson, J. Chem. Soc„ 2004 (1938). 

281 Kawasaki, J. Pharm. Soc. Japan, 67, 73G (1937) (C. A., 32, 188 (1938)]. 

282 Kawasaki, J. Pharm. Soc. Japan, 67, 742 (1937) [C. A., 32, 188 (1938)]. 

282 Desai and Wali, Proc. Indian Acad. Sci., 6A, 135 (1937) [C. A., 32, 50S (1938)]. 

284 Desai and Wali, Proc. Indian Acad. Sci., 6A, 144 (1937) [C. A., 32, 509 (1938)]. 

288 Auterinen, Suomen Kemistilehii, lOB, 22 (1937) [C. A., 32, 509 (1938)]. 

285 Guha and Subramanian, Per., 70, 2228 (1937). 

282 Steinkopf, Poulsson, and Herdej', Ann., 636, 128 (1938). 

288 Dippy and Lewis, Pec. trav. chim., 56, 1000 (1937). 

283 Leuchs, Ber., 70, 2455 (1937). 

22^ Ruzicka and Hofmann, Hclc. Chim. Acta, 20, 1155 (1937). 

2^1 Limaye and Liraaye, Basat/anam, I, 109 (1937) {C. A., 32, 2695 (1938)]. 

222 Ann. clo'm., 9. 5 (1938) [C. A., 32, 2926 (1938)]. 

2^3 RejQnowski and Suszko, Arch. Chem. Farm., 3, 135 (1937) {C. A., 32, 2939 (1938)]- 
22* Awe and linger, Bcr., 70, 472 (1937). 

228 Burger and Mosettig, J. Am. Chem. Soc., 59, 1302 (1937). 

225 Bergmann and Blura-Bergmann, J. Am. Chem. Soc., 59, 1441 (1937). 

22’ Bergmann and Blura-Bergmann, J. Am. Chem. Soc., 59, 1572 (193D- 
228 Haberland and Kleinert, Per., 71, 470 (1938). 

222 Spath and^Galinovfiky, Ber., 71, 721 (1938). 

2W Beyer, Ber., 71, 915 (1938). 

Compi. rend., 206, 683 (1938). 

222 Steiger and Reichstein, Belt. Chim. Ada, 21, 161 (1938). 

222 Steiger and Reichstein, Helv. Chim. Acta, 21, 828 (1938), 

22* Wanag and Walbe, Ber,, 71, 1448 (1938). 

225 Weidlich, Ber., 71, 1601 (1938). 

225 Sengupta, J. praht. Chem., 151, 82 (1938). 

2°2 Kewman, J. Am. Chem. Soc., 60, 2947 (1938). 

2'^Fieser and Jacobsen, J. Am. Chem. Soc., 60, 2761 (1938). 

222 Fieser and Jacobsen, J. Am. Chem. Soc., 60, 2753 (1938). 

2*2 Tomita, J. pharm. Soc. Japan, 58, 510 (1938) [C. A., 32, 7467 (1938)]. 

2** Chowdhry and Desai, Proc. Indian Acad. Sci., 8A, 1 (1938) [C. A., 32, 9065 (1938)1 
2*2 Yanagita, Ber., 71, 2269 (1938). 

2*2 Haberland, Kleinert, and Siegert, Ber., 71, 2623 (1938). 

2** John, Gunther, and Schmeil, Ber,, 71, 2637 (1938). 

2*5 Werder and Jung, Ber., 71, 2650 (1938). 

2*5 Kondo and Keimatsu, Ber., 71, 2553 (1938). 

2*^ Bruce and Todd, J. Am. Chem. Soc., 61, 157 (1939). 

2*® Hurd and Fowler, J. Am. Chem. Soc., 61, 249 (1939). 

2*® Smith and Kiess, J. Am. Chem. Soc., 61, 284 (1939). 

225 Gilman and Turck, J. Am. Chem. Soc., 61, 478 (1939). 

22* Fieser and Fieser, J. Am. Chem. Soc., 61, 596 (1939). 

222 Crawford, J. Am. Chem. Soc., 61, 60S (1939). 

22* Marker and Rohrmann, J. Am. Chem. Soc., 61, 846 (1939). 

22* Marker and Lawson, J. Am. Chem. Soc., 61, 852 (1939). 

225 Fieser and Kilmer, J. Am. Chem. Soc., 61, 862 (1939). 

22* Marker and Rohrmann, J. -4m. Chem. Soc., 61, 946 (1939). 

22* Bachmann, J. Org. Chem., 3, 434 (1938). 

22* Windaus and Raichle, Ann., 537, 157 (1938). 

22* Penfold and Simonsen, J. Chem. Soc., 87 (1939). 

22^ Shah and Shah, J. Chem. Soc., 132 (1939). 


REFERENCES TO TABLE 


207 


Coot, Oewett. and Robinaon, J, Chtm. Soe , 16S (1930), 
Burton and Sboppee, J. Chtm, Soe^ 567 (1939). 

>« Kon and WfUer, J. Chtm. Soe., 792 (1939). 

Loftett and Short. J. Chtm. Soe., 787 (1939). 

*’* Kon and Woolman, J. Chtm. Soc., 791 (1939). 

•’* IJnstead and Waipole, J. Chtm. Soe., 843 (1939). 

Ilarland and Robertson, J. Chtm. Soe., 937 (1939). 

*“ Daddar and Warren, J. Chtm. Sot., 914 (1939). 

»” Shah and Shah, J. Chtm. Soe., 919 (1939). 

Deliwala and Shah, J, Chtm. Soc., 1250 (1939). 

Kenny, Robertson, and George, J. Chtm. Soe., 1601 (1939, . 
Raoul and Meunier, Compl. rtiul., 307, CSl (1938). 

*** Sengupta, J. jorail. Chtm., 1S2, 9 (1939). 

Pfau and Plattner, CAim. AtU. il. 202 (1939). 

»“ Kawai and Sugiyama. Dtr., 79, 367 (1939). 

*“ Chuang, Huang, and Ma, Dtr., 79, 713 (1939). 


Tauda and Ichitawa, Ber., 79, 716 (1939) 
Chuang, Ms, Tien, and Huang, Btr., 72, 919 


“> Cuba. Btr., 72. 1359 (1939). 

Anderaon and Marrian, J. Biot, Chtm., 


117, 619 (1939). 


*“ Dergmana, J. Org. Chtm., 4. I (1939). 

“« White and NoUer. J. Am. Chtm. Soe.. 61. »83 <im- 
*“ nobrnwa and Moeettig, 7 Am.Chtm f "'•**• *^ 

Marker and Rohrmann, J. Am. Chtm. ^ . 61. 1»1 O^)- 
•** Marker and Rohrmann. J. dm. • **' 

"• Ficaer and Ilershbcrg. J. Am. Chtm. Soe.. 
w Marker and Rohrmann, J Am. 

“ Jaeoba and neck, /. Bu,l Chtm.. *S. W$ “^O). 

«• neser. Fry. and Jonee. /• Am. Chtm S^.. . 

•« Martel. Moelngo, and Kirkpatrick. J. Am. Chem 2003 (1939). 

»» Marker and Rohrmann, J Am. Chtm. 61. . 

Marker and Rohrmann. /. Am. Chtm 61. ^7 (IWO . 

«> Marker and Rohrmann. /. Am. “’5 w M issa now, 

•‘•Gdman, Parker, Bailie, and BfO«n. 

M::k" “d «■ 

'« Luti and SmaU, J. Ort CAcm.. 4. 220 

«*Bachmann and Stniie. J. On^ ‘^*7- ^ 

rri, , 1 J Ort. Chem., 4, 404 tltuaj. 

.71 Strove /Org Chtm., 4 , 473 (1939) 

Bachmann and Stro ' ^ 751 (1939). 

«• Sich and‘Sfeyer-Del.us. Btr., 72. 1941 (1939) 

W enUich and MW „ ,,50 

... s“d 

Herrett, J. CAw ctem. Soc , 451 (1910). 

... rn'II’ iTn and’soper. J. Chtm. Soe., 612 (1940). 

». Mr^ldrilobertson, and lATialley. J Chtm. Sec, 7S7 (IMO,. 

«“ rr ^Wdfa^n. J. Chtm. Soe.. 1030 (1940) 

«. W«iLnr B^rgmann. and Bogracbor. Cherny A 59 

^aTi Epprecht. BeU. Ch>m.At^ 

M. n„„rl.-«. and St. Kaufmann, Jltlt Chim. Acta, 23.288 (IMO) 
n Si Hd El»nb.rt. »». d™. »>. 355 „Mo, 

“ Ruiicka ana „ , 



208 


THE CLEMMENSEH EEDUCTIOX 


^ Ricliardson and Reid, J. Am. Chem. Soc., 62, 413 (1940). 

Femholz, Ansbacher, and ilacPhillainy, <J. Am. Chem. Soc.^ 62, 430 (1940). 
ilarker and Rohrmann, J . Am. Chem. Soc., 62, 896 (1940). 

2^3 Frye, and Mauldin, S. Am. Chem. Soc., 62, 1441 (1940). 

Fieser and Cason, J, Am. Chem. Soc., 62, 1293 (1940). 

2^ Todd, Harris, and Roller, J. Am. Chem. Soc., 62, 1624 (1940). 

^^Kloetzel, J. Am. Chem. Soc., 62, 1705 (1940). 

Fieser and Xovello, J. Am. Chem. Soc., 62, 1S55 (1940). 

***Fie5er and Bowen, J. Am. Chem. Soc., 62, 2103 (1940). 

Adams, Cain, and Baker, J. Am. Chem. Soc., 62, 2201 (1940). 

Backmann and Edgerton, J. Am. Chem. Soc., 62, 2219 (1940). 

Harris and Pierce, J. Am. Chem. Soc., 62, 2223 (1940). 

Backmann and Edgerton, J. Am. Chem. Soc., 62, 2550 (1940). 

^Marvel, Pearson, and Patterson, J. Am. Chem. Soc., 62, 2659 (1940). 

Tarbell and Weaver, J. Am. Chem. Soc., 62, 2747 (1940). 

Backmann and Holmes, J. Am. Cftem. Soc., 62, 2750 (1940). 

Fieser, Gates, and Kilmer, J. Am. Chem, Soc., 62, 2966 (1940), 

Backmann and Edgerton, J. Am. Chem. Soc., 62, 2970 (1940). 

Marker, Jones, Turner, and Rokrmann, J. Am. Chem. Soc., 62, 3006 (1940). 
Ckakravarti and Ckakravarty, J. Indian Chem. Soc., 16, 144 (1939) [C. A., 34, 401 
(1940)]. 

Kurauti and Kazuno, Z. physiol. Chem., 2G2, 53 (1939) [C. -4., 34, 1327 {1940)1. 
Ckien and Yin, J. Chinese Chem. Soc., 7, 40 (1939) [C. A., 34, 1979 (1940j]. 
Komppa, Ann. Acad, Sci, Fennicac, A51, 2so. 3 (193S) (C. A., 34, 2335 (1940)1. 
«®S€ngupta, J. Indian Chem. Soc., 16, 349 (1939) IC. A., 34, 3242 (1940)]. 
<iiRockelmeyer. Arc;i. Phjjrm., 277, 340 (1939) [C. A., 34, 3276 (1940)]. 

Banerje®. Science and Culture, 5, 566 (1940) [C. .4., 34, 43S3 (1940)]. 

*«B6kme, Arch. Fharm., 273, 1 (1940) [C. A., 34, 5427 (1940/]. 

*^*Guka and Harra, J. Indian Chem. Soc., 17, 107 (1940) [C. A., 34, 5427 (1940)]. 

Desai and Kama], Proc. Indian Acad. Sci.. IIA, 139 (1940) [C. .4., 34, 5435 (1940)]. 
*** Akram and Desai, Proc. Indian Acad. Sci., IIA, 149 (1940/ [C. A., 34, 5436 (1940)]- 
Sengupta, J. Indian Chem. Soc., 17, 101 (1940) [C, A., 34, 5439 (1940)]. 

Tamamuri, J. Pharm. Soc. Japan, 60, 1S9 (1940) [C. A., 34, 5446 (1940)]. 
lions and Wiilison, J. Proc. Boy. Soc. X.S. Wales, 73, 240 (1940) [C. A., 34, 5S41 
( 1 ^ 0 )]. 

^^’Hukni and Tikamori, J. Pharm. Soc. Japan, 59, 15$ (1939) (C. .4., 34, 5S4S (1940d* 
Sengupta, J. Indian Cl.em. Soc., 17, 1S3 (1940) (C. .4., 34, 6609 (1940)]- 
^ Miyasaka and Xomura, J. Piuim. Soc. Japan, 60, 325 (1940) [C. .4., 34, 72S9 (1940;]. 

Van^elo’idd, Bull. soc. cldm. Bomania, 19A, 35 (1937) [C. A., 33, 639 (1939>]. 

*** Limaye and limaye, Basayanam Suppl. (193$) [C. A., 33, 169$ (1039)]. 

Driewonski and Mamsinska, Bull, intern, cccd. polon. sci., Clai*c sci. math, nali 
1938A, 316 [C. A., 33, 1712 (1939;]. 

Kurado and Wada, .Sci. Papers InsU Phyi. Chem. Research (JTolrjo'), 34, 1740 0-3S) 
[C. A., 33, 2511 (1939)]. 

^ Dcsai and Ekklas, Proc. Indian Acad. Sei., 8A, 567 (193S) [C. A.. 33, 3356 (lOSO'I- 
^ Nazarova. J. Gen. Chem. (r..S.5.^.). S, 1336 (193S; [C. _4., 33, 4214 (1939)]- 

Ckattcrjee and Barpnjari, J. Indian Chem. Soc., 15, G39 (193$) [C. -1., 33, 45S6 
(1939)1- 

Huzii and Tikatnori, J. Pharm. Soc. Japan, 59, 116 fl039j \C. A.. 33, 4592 (1030'-}- 
Huzii and Tikamori. J. P}.arri. Soc. Japan, 59, 124 (1939; W. A.. 33, 4592 (1939)]* 
Mittcr and De, J. Indian Clem. Soc., 16, 35 (KCO; [C. A., 33, 5535 (19>0>i. 
Scngnpta, J. IrACan Ch^em. Sejc^, 16, S9 (1939) [C- A., 33, 5^2 (1939;]. 

Ohio, Z. pAytiol. Chem.., 259, 53 {1939; (C- .4., 33, 6327 (19394. 

♦^Harmdence and lions. J. Proc, Boy. Soc. .V.5. Walee, 72, 254 (1939; \C. .1.. 33, 
GS25 (1939;]. 



REFERENCES TO TABLE 209 

‘“Rairadenn?, iruehcs. anj Lions, Prot. Roy Soe. X.S. ITafo, T2, 273 (1939) (C 
A.. 8S. 6Sn (1939)]. 

Mittfr and I>*. J. /rxiuJa CArm.J^„lS, 199 (1939)10. A.. 83,7761 (1939)]. 
ChalJ«-i«-. J. /Wkm Chem. Soc. 14, S59 (1937) {C. A . S3, 123 (I91SJJ. 

*” Cokil and Nareund, J. fair. AomlMy. 6, pt. II. 9.3 (1937) [C. A.. SS, 3759 (1938)]. 

*“ Bctrov and Lapteva, J. Ctn. CArm. ((7.S.SJI.). 8. 207 (1938) [C. A., 33, 5380 (193S)] 
‘“KalaneJ’aon and Kondaliova. Compt. rend. aead. rei. L’JIS.S,, 17. 307 (1937) [0. 
A., 33, 70’33 (1938)]. 

“• Chatterjoc, J. Ind.an CA#w. .loc., IS, 211 (193.S) \C. A., 32. 7417 (1938)]. 

“• Jleilbron, Kennedy, and Spun* J. Cktn. Soe,, 329 (1938), 

“• Ramage, J. Cken. Sue., 397 (I93.S). 

“* Coolc and Rohmson, J. Chtm. Soc„ 505 (1938). 

“* Errington and Linalead, J. Cktn. Soc., £06 (1938). 

Dlum-Rerpnann, J. Ckem. Soc . 723 (103.8). 

*** nawortb and Atkinaon, J. CAem. Soe , 707 (193.8) 

Haworth and Woodcock, J. Ckm. Soe , 809 (193$). 

“® Mikeska, fimlh. and Lieber, J Org CAon.. 9. 499 (1938). 

“* Rice and Harden, /. Am. Phann. Attoe.. 18, 7 (1936) (0. A . 30, 2559 (1936)]. 

*“ Muter and Do. J. /ndwia Ckem See. 11, 747 (193$) (C A , 80, 2562 (1930)]. 
^^Stumiiu and Kaxuno, Z pAynoi. Ckem , 139. 67 (1936) (C A , 30, 2984 (1930)] 

*“ Shah and MehlA. J. fn.r, Bombay. 4. 109 (1935) (C A . SO, 5190 (1030)] 

Shah and Mehta, J. Indian Chtm. See . IS. 358 (1930) (C A , 80, 8187 (1930)]. 

*** Kuwada, /. f’karm. Soe. Japan. S6. 469 (1936) (C A.. SO. $237 (1936)1 
«’Hart and WoodrulT, J. Am. Ckem. See., 88. 1957 (1930). 

*'■ Heacr and Uthrop. J. Am. CAem. See.. 88. 2050 (1936). 

“•SWmiau andOJa. Z. pkyt.A. Ckem.. 327. 74 0934) IC A . 39, J74 (1933)]. 

*<’Orhiai and llakoxaU J. RAem. See. Aepon. 80, 300 (1930) [C. A , 14, 3703 (1030)] 
Ka*iro, Z p/iyial. Ckem.. 185. ISl (1929) (C. A.. 14. 859 (1030)]. 

“’Borache. Ser.. S3, 1303 (1919). 

“* Wleland and Sehlichung, Z. pkynol. Ckem.. 180, 267 (1925). 

Overbaugh, Allen, Martm, and Tieaer. Org. SyniUeet. IS, 64 (1935). 

*“ Martin, J. Am. Ckem. Soe.. 88, 1438 (1936). 

Marbn, Org. Synlkeiet. 17, 97 (1937). 

•” Thompeon, J. Ckem. See., 2314 (1932). 

“* Fiencr and Kennedy, /. Am. CArm. See.. 87, lOH (1035). 

“• Windaua, Ber.. 63, 488 (1920). 

Bardhan and Sengupta, J. Ckem, Sec . 2620 (1932). 

Ju. Shen, and Wood, /. Insl. Ptlr.. 14. 514 (1940) 

Ifeath-Brown, ITeiitaon, and Jones. J. Ckem. Soc., 1482 {1940). 

Bilham and Kon, J. Ckem. See„ 1169 (KMO) 

Pldlippi and Uie, Manalek . 41, 5 (1921). 

"'Fieeerand Deereux, J. An. CAem. See.. 6IA 2255 (1933). 

Tiescr and I’eteri, J. Am. CAem. Soc.. 64. 4373 (1932). 



CHAFPER 8 


THE PERKIN REACTION 

AND RELATED REACTIONS 

John R. Johnson 
Cornell VnivcTsiltj, Ithaca, N. Y. 


CONTENTS 



Scope of the 

Carbonyl Components 

Table 1. Yields of Cinnamic Acids from Substituted Benzaldehydes . 

Acid Components 

Comparison wth Other Sj-ntbetic Methods 

Selection' or ExpEnotEKTAL Condition's 

Use or the Perkin' Reaction' in 

o!,6-tin£aturated Acids 

Other Unsaturated Acids 

Cyclic Compounds 

Indirect SjDtheses 

Laboratokt Procedures 

Cinnamic Acid 

Using Acetic Anhydride and Potassium Acetate 

Using Malonic Acid and a Pyridine Base 

p-AIethoxycinnamic Acid 

^-Piperonylaciylic Acid (3,A-Methylenedioxycinnamic Acid) 

3-Methoxy-4-Hydroxycinnamic Acid (Ferulic Acid) 

o-Metbylcinnamic Acid 

cr-Phenylcinnamic Acid 

^n-Hexylacrybc Acid (a,,e-Nonenoic Acid) 

o-Nitrophenylpyruvic Acid 

Azlactone from Aceturic Acid and o-Nitrobenzaldehyde 

Hydrolysis of the Azlactone 

SuMMART 

Table H. Yields of Cinnamic Acid under Y'arious Conditions 

Table HI. Ring-Substituted Cinnamic Acids 

210 


page 

211 


217 

217 

21S 

223 

233 

236 

240 

240 

241 

242 

243 

248 

248 

248 

248 

249 

249 

250 

251 

252 

252 

253 
253 
253 

255 

255 

256 



THE PERKIN REACTION 


211 


INTRODUCTION 

In 1868 W. II. Perkin ‘ described a synthesis of coumarin by heating 
the so<lium salt of salicylaldchyde with acetic anhydride. Further study 
of this reaction led to the discovery of a new method for preparing 
cinnamic acid and its analogs by means of a s3mthesis of very general 
application, which became known as the Perkin reaction.* This reaction 
is brought about by Iieating an aldehyde of aromatic type with the 
anhydride of an aliphatic acid of the general formula RCH2C03H, in 
the presence of the sodium salt of the acid. 

c,iriCii=o + (ciHCO)jO + cii,co,N» -• c.H»cn=CHC0sn 

C,H4Cir=0 + (RCHiCOliO + RClIjCOtNa -• C|H»CII=CCOiH 


Since the resulting ^-arj'lacrjdic acids can be subjected to a variety of 
chemical transfoiroations. tho Perkin reaction gives access indirectly to a 
number of other types of compounds such as aiylethylcnes and acety- 
lenes, arylacctaldeliydos, arylethylamincs, arylpropiomc and propioUc 
acids, and their derivatives. Several modification and wtewions of the 
IVrkin reaction, such as the paraconlc acid syntliesis of Fittig and the 
azlactone synthesis of Erlcnmcyer, have served to broaden the scope 
and usefulness of the original process. 

In the coumc of an extensive study of unsaturated acic^ Fittig and 
l,i» collaborators mado »voral important conlr,but,ons to tba mceham^ 
ot the rorkin faction. lie ahorvod that the aldehyde eondenaea Mth the 
olp/io methylene group of the acid compoaenl (salt or anhydride) and 
concluded that the reaction is an addition process, like an ajdol conto- 
sation, involving an intermediate ^hydiow compound that loses water 
to form the a,/3-unsaturatcd acid. 

C«HsCII=0 + (CHiCniCO)iO + CII»CH»COiNa -» 


C.ir.CHOHCHCOjH 

CH( 


C»H5CH=CCOjH 


Perkin ■ had assumed, without eaperimental pmof, 

farthest removed from the carbonyl group was probably the one wh 


‘ Perkin, J. Chtm. Soc.. 31, 63. 181 USB® 

« Petkm, J. Chem. Soc., 31. 383 <1877). _ 

‘FitUg, Ann., 195, 169 <1879), 816, 67 (1883),. 
16. 1436 (1883). 27, 265S (1S97). 


r, 43 (1885) I Ber.. 14. 1824 (1881) 
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condenses Tdtli the nldehyds. hnt Iittig and otheis. ■*' ■* qmnJ.* ^ 
proved Perhii's ieniative hvpodhe^.* 

The vievr that the Perkin reaction involves an intermediate addi-^o- 
nrodnct oi the aldol type is generally accepted at the present thne. -<• ^ 
snoported by the acdoal isolation of derivatives of the intermetEi-S^ 
addition products in certain cases vheTe the normal elimination Ox 
dos not Gccur. Por examnle. benzaldebyde, sodhnn isobiityiB'.e. 
isobntyric anhydride {or acetic anhydride) on heating at 103' gme xx^ 
to the isobntyryl derivative of 3 -phenyI* 5 -hydrosypivalic acid 
dimetind-S-hydroxy-S-phenylnropionic acid)- and the mined anh.-di^'-»- 
of this acid vith isobntyiic acid. 


CiH 5CH=0 d- (CHi'nCHCOOCOCHrCHi)! -h (CHi)iCHCO;Xa 

CtHiCH— CfCHiliCOiH cr.d CrHsCH— CCCHiiiCOOCOCjH: 

6 COC 2 H 7 OCOC^T 

The total yield, calculated as 5-phenyI-^hydronyprralic acid, is afcoa- 
337c ^he theoreticaL' At 150' the same reaciants give the tmsatt-- 
rated hydrocarbon, 2-methyi-l-phenyipror^ne.* viiich is formed P-=" 
snmably from the above intermediates by loss of carbon diomde and 
isobntyrie acid (or anhydride). 


CsHiCH— C{CEi;-CO;H 


C<HjCH=CCCHi)i 


CO; -f C;H;C0;I1 


OCOC^riT 


Ukevnse, furfural on heatins vrith isobutviic anhydride ana soomm 
isobutyrate gives only 2-methvI-l-fur-dDror)ene.^ even at temperatures as 
lo- as 100 =. 

In typical ezampls of the Perkin reaction, involving derivatives c- 
acetic add or monosubstituted acetic adds, decarborcylarfon has been 
observed in a feir instances, notably Triih isovaleric- add.'- This srne 


VcTi- Cma*.'. ?£rt I, p"'. aSS-er-ar Az; cxziCr-sz:; c5 rtcen; ■sziz'i: if tr" 

.Cr.-u B-pir. S;<. 07-^;-., . S5. 210 aS20^. 


* xxzxi S-r, 13, 115 flSiO,. 

^ Cc-zziS izS BiszizS. £05. Iz3 flSSO,.. 

»riz-i;izze JzjzL-f. .4z.-._ £16. 115 (1S53 . ; rhziz azzz Ozz. A-.-_ 227. 215 flSi-S.- 
i Hi-ZKZ izB 3r«l::r=r. J-. x~.. 61, 753 £1535;. 

» Prfdzu J. Ctfz-.. S-yx-. 35. 135 <1575,. 
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reaction is generally negligible at the temperatures usually employed 
(140-175°) but may become important at higher temperatures. Thus, 
anbaldchydc on heating at 170° with propionic anhydride and sodium 
propionate jields mainly p-anbji-«-methylacr>Hc acid,“ but at 200° 
anethole (p-propcnylanisole) is obtained.** 

Further e\-idenee for the formation of an intermediate of the aldo! 
t\'pc is afforded by the reaction of benzaldchyde rnth succinic anhydride 
(or acetic anhvdridc) and sodium Euccinate. Fittig and Jaj-ne *’ showed 
that if the reaction is carried out at 100° the product is 7 -phenylpara- 
eonic acid, formed by lactonization of the inteimcdiate hydroxy acid. 

cjucii— cncojir ,oo* cuucii — chcoiH ^ 
i I — ^ ' I — ^ 

oil CHj—COiH ^Cllj 

CO 

C.H.CH— CIICH,C05H+ COi 

rbrn>li*o(r«ton)e icid 


On hcatins to 150”, -rrhonylparaconic acid loses catten 
gives the d.v-tmiatntated acid, phenylL.oe»toi..e acid, "I-* 
had obtained directly by carrying out the onginal condensanon at 150 

The leiative significance of the acid anlo'dnde and th^od mm s^t m 
the intimate mechanism of the Perkin condensation has been the object 
of numerous investigations eatending oyer a period of more Htj 
vears Perkin ’ believed that the cinnamic acids are foimed bj condensa- 
Oon betu-evn the aldehyde and the acid nnl.ydnde, noth the s^^sdt 
functioning as a catalyst. He found that cuinamm 
uhen benraldehydc and acetic anhydride are licat^ at ISO 
acetate butyrate or valerate, whereas bencaldchyde on hea mg uith 
prepionic ahMridc and sodium acetate giires only 
Lid Fittig” then studied the reaction oath 
combinatious, particularly at loiver rempemtures. ^ ^ 
bcnraldehvde acetic anhydride, and sodium acetate (m equmolecifiar 
Dcnraiaenjoe, ” long-continued heating; ivhen 

amounts) d" ho‘ ,he”aeetate, reaction occurred 

rimTalld oS .^•ethyleinnamic acid .-as fonned, hut at 150" a mixture 
slowlj ima on j } Ar-thylcinnaimc to two parts of cinnamic acid 
“iTtSieT^d at ISO" the pniduct contained only one part of 

15. 135 (1S9S). 

“ Fittig »nd Jarne. glnn.. SIS. 100 (1SS3). 
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tion mucture and the product is made up of about 30% of a-ethylcin- 
namic and 70% cinnamic acid. 

Fittig’s view (hat the salt condenses with (he aldehyde appeared (o be 
strongly supported bj* Stuart’s obscn’ation that benzaldehydo, sodium 
fnalon-atc, and acetic anhydride react at room temperature with evolu- 
tion of carbon diovide and fonnation of cinnamic acid. Fittig regarded 
this as a convincing pnof of hia view since he believed tiiat malonicacid 
wa-s incapable of forming an anhj'dridc and the reaction must have 
occurred between the aldcbjtle and sodium malonate. Sliehael pointed 
out (fiat (ht< argument abo fe not valid since a mixed anhydride of 
malonic and acetic acid could be formed and, in any event, malonic acid 
is much more reactive in condensation reactions than the anhydrides or 
salts of monobasic acids. This view is confirmed by recent work ” which 
has shown that sodium malonate docs not react with benzaldehydo to any 
appreciable extent unless glacial acetic acid is present. 

In spite of Michael's objections, Fittig’s interpretation was widely 
accepted for many years and still persists in several of the current text- 
books of organic chemistry. However, the results of a number of work- 
ers now provide substantial evidence in favor of Perkin’s and Michael’s 
view' (hat it is the anhydride and not the salt (hat undergoes condensa- 
tion with the aldelode. Katiiin '• has shown that benzaldehyde con- 
denses rc.'rdily with acetic anhydride in the presence of inorganic and 
organic bases (potassium carbonate, (riclhylamine, etc.) but docs not 
conden.*!o with sodium acetate in the presence of these catalysts (or in 
the presence of inorganic dehydrating agents These and other 
results indicate that the Perkin reaction is essentially an aldol con- 
densation of the aldehyde and anhydride, in which the salt of the acid 
functions merely as a base and promotes enolization of the anliydride. 

In this connection it is of interest to note that ketene, which may be 
regarded as an intramolecular anhydride of acetic acid, reacts readily at 
25'® with benzaldehydo in the presence of pota.ssium acetate to give a 
mixed anhydride of cinnamic and acetic acids, along with stj-rene.” 

CoIUCIIO + 2Cnr=C=0 C,H»CII=CnCOOCOCH, 

CJhCIIO + CIIr=C=0 * C,HsCH=CII* + CO2 

This reaction does not take place with tributylamine in place of potas- 
sium acetate, and with smaff amounts of (ie latter (G.l mole per mole of 

'■ Kaliun, lleh. Chun Ada. 11, 977 (192S). 

’* Bakunin and Pecc«riUo. Com. e*i»i. «6i/ . SS, 1I4S <10i5). 

•« Kuhn and Ishikawa, Btr.. 64, 2047 (1931). 

MaUer. Ann., 491. 251 (1931). 

** Hurd and Thomaa, /. Am. Chem. Soc.^ 6S, 275 (1933). 
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benzaldehyde) produces about 70% of styrene and only 30% of cinnamic 
acid.^’ 

Perkin suggested that the aldehyde and anhydride combine to form 
benzal diacetate, which then undergoes rearrangement under the influ- 
ence of sodium acetate. 

ICHjCOjNa 

CoHiCHCOCOCHsh —> CfiHsCn— CH2CO2H 

1 

OCOCH3 

C6H6CH=CHC02H 


The intermediate formation of benzal diaeetate appeared plausible in 
view of Caro’s synthesis of cinnamic acid by heating benzal chloride 
with excess sodium acetate. This idea was elaborated by Nef,^“ who 
postulated the formation of the nascent phenylacetox'ymethylenc rad- 
ical, CeHs — CH — OCOCH3, in the process. Experiments showed, how- 
ever, that benzal diacetate and sodium acetate give only small amounts 
of cinnamic acid at 160-180° under the usual conditions of the Perkin 
reaction, and higher temperatures (200-220°) are required to obtain a 
good conversion. Other work indicates also that the aldehyde diace- 
tates are not intermediates in the Perkin reaction, but that they react by 
decomposing into the aldehyde and acid anliydride. 

The modern view of the mechanism of the Perkin reaction is essen- 
tially that the aldehyde reacts with the sodium salt of the enol form 
(enolate anion) of the acid anhydride, formed by interaction of the 
anhydride with the sodium salt or other base; the addition product then 
decomposes into cinnamic acid. 


CeHsCHO -i- (CHsCOIjO 


CHjCOjNa 
(or NR3) 


rCeHsCH— CHzCOjH 

I 

[ OCOCH3 


> 


CsHeCHCHaCOOCOCHa 

1 

OH 

C6H6CH=CHC02H + CH3CO2H 


The intimate details of the process may be envisaged in several ways,’’ 
all leading to the same result. The notion of enolization of the anhydride 
is supported by Muller’s observation that the sodium derivative of 
homophthalic anhydride reacts smoothly with benzaldehyde at room 

Vittum, Thesis, Cornell University, 1933. 

2^ Perkin, J. Chem. Soc,, 31, 424 (1877) ; 49, 317 (1886). 

25Ger. pats., 17,467, 18,232 (1880) (Frdl., 1, 26, 28). 

Nef, Ann., 298, 302 (1897) ; sec also references 174 and 175, p. 264. 

Bock, Lock, and Schmidt, Monatsh., 64, 401 (1934). 
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temperature. This reaction is analogous to the paraconic acid sjmtheses 
involving succinic anliydride, and leads eventually to a lactone-acid. 

cn 

\:ONa 

I li ' + C,H,CHO (followed by n,0, and H+) 

CHOHC«H* COjH 

I I 

CH CH 

CX /-OC 

CO CO 

Likewise, Hauser and Breslow ’ have shown that benzaldehydc reacts 
instantly at room temperature with the sodium enolatcs of ethyl acetate 
and isobutjTato to form (9-phenyl*/J-hydroxy esters. 




SCOPE OF THE REACTION 

The Perkin reaction may be regarded essentially as the condensation 
of a carbonyl component A and an acid anhydride-salt combination B. 
In the resulting acrj'Iie acids, substituents in the carbonj’l component 
appear in the /3-position and those in the acid component appear in the 
a-position. 

RCH=o -f (cn,co);0 -*■ RCir==CHCO!ir 

A B i>.SubsUtuted (cr^Iio BCidi 

RCH=0 + (R'CHiCOliO -* RCiI=CCOjII 
R' 

•cull 

Tlie following discussion gives a survey of the t^pes of carbonyl com- 
ponents and acid anhydride-salt combinations that can bo used, and of 
the yields that can be obtained under favorable conditions. 


Carbonyl Components 

In eeneral the usual PerUn traction is limited for practical putpwra to 
"tdehydra of the aromatic scrirs imd closely related typer. Table I pves 
“ brief surycy of the yields of ^tylactylic nerds obtamed from rartous 
substituted beuzaidehydes, with nceUc aithydrido and sodium ncctntc. 
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under similar conditions of reaction.'*' Tlie j'ielcls given arc 

typical but do not always represent the maximum that can be .secured 
with a given aldehyde, as the optimum candition.s of reaction (tempera- 
ture, duration of heating, catal.vtic cfTccts, etc.) vary .somewhat for differ- 
ent substituents. 

TABLE I 


Yiki-d.s or Cix.VAiuc .tciD.s riioij Si:i!STTn;TED BE.vzAi.DnHyDKS “ 


Substituent 

Yield 
(r>er cent) 

i Substituent 

Yield 
(l>cr cent) 

None « 

45-r>0 ^ 

2-Mcl!iox}- 

55 

2-Mcthyl « 

l.'i 

2,.5-Dimcthoxy ’* 

5C 

3-Mcthyl ” 

23 

i 4-Melboxv ” 

30 

4-Mctbyl ” 

33 

4-Etboxy “ 

30 

2,6-Dimethvl ” 

0 

1 d-IIydroxy 

C2 

2-Iodo « 

85 

! 4-Dinicthylainino ” 

0 

2-Chloro 5’ 

71 

! 2-Nitro ” 

75 

3-Cbloro ” 

G3 

3-Nitro 

75 

4-Chloro r! 

52 

4-Nitro r> 

82 

2,G-Dichloro ^ 

82 

2,4-Dinitro 

70 ‘ 


®Thc conditiona were verv pimtlar but not identical in all cxperimenti'. In Rcnera!, 1 mole of tbe 
aldehyde wTwt heated for cicnt hours at ISO^ with about 2 mole* of acetic anlxydride and 0.7 mole of 
eodium acetate. 

It haa been reported*’ tl^t the >irld of dnnatnie acid can l>c increas'd to by addinc a 

little pj’ridine a^ catalyst; thi^ rcsrult could not be checked in the Corritll laboratorj’. TiiC j*icld is 
increased to 7CH759c (without addition of pATidine) by heatine for twenty-four hourp.** 

^ Tliis jTcld is obtained with eiclit hours* heatine at 150’; wTih four hours' healing at ISO’ tlic j'ield 
is about 20 %, and longer heating gives Icrwcr yields. 


These results indicate that the actiy’it 3 ' of substituted benzaldehj'dcs 
in the Perkin reaction is similar to the trends observed in other reactions 
involiing the carbonj'l group. A halogen or nitro group in an}' position 
increases the rate of reaction and the j'icld ; a meth}'! group in an}’ posi- 
tion decrea-ses the rate and the }'ield, and this effect falls off in the order: 
ortho > meta > para. A methox}-! group in the ortho position has a 
small favorable influence, but in the para po.sition it has a definitely 
imfavorable effect on the rate and the }'ield. 

The beha\'ior of ortfio-substituted benzaldehydes indicates that the 
reaction is not adversely affected imless the t}’pe of substituent is unfav- 
orable. Thus, 2,6-dichlorobenzaldehyde and 2,6-dinitrobenzaldehyde 

^ Lock and Bayer, Ber., 72, 1004 (1939). 

“ Meyer and Beer, MonaUh., 34, 049 (1913). 

“ Poener, J. praH. Ciiem., [2] 82, 425 (1910). 

** KauSmann and Burr, Ber., 40, 2355 (1907). 

” .Stoermer, Ber., 61, 2326 (192S). 

“ Bacharach and Brogan, J. Am. Chem. Soe., 50, 3333 (1928). 
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give excellent yields, but 2,Mimethylben2aldebyde and 2,4,6-trimeth- 
ylbcnzaldehyde do not react appreciably.” 

Substituted bcnzaldebydes nith hydroxyl groups in the mefa or para 
positions give satisfactorj' results. In the course of reaction the hydroxjd 
group is acetyhtcd and the product is the correspondingacetoxycinnanuc 
acid. The latter need not be isolated and can be saponified readily to 
give the free hydro.xy acid. Salicylaldehj'de gives coumarin,* the lactone 
of the CIS form of o-hydroxj’cinnamic acid (coumarinic acid), together 
with the acetyl derivative of the trans form (coumaric acid).** 



+ (Cn,C0),O 


cn,co.v» 



f^=^CH=CHCO,H 


The action of alkalies on coumariu gives salts of coumarinic acid, but the 
acid is unknown in the free state as It undergoes ring closure spontane- 
ously to regenerate coumarin. Strong alkalies or alcoholic sodium 
cthoxido convert coumarin into salts of coumaric acid, from which the 
free acid can bo obtained by acidification. MethyJatioa of sodium 
coumarote gives trans-omcthoxj’cinnamic acid, which is identical with 
the acid obtained from o-mcthoxybeozaldehyde in the Perkin reaction. 

Tlio aminocinnamic acids are not prepared directly by the Perkin 
reaction but arc obtained bj’ reduction of the corresponding nitrocia- 
namic acids nith ferrous sulfate and ammonia.** TTie ordinary (stable) 
form of ivnitrocinnamic acid, obtabed from c-nitrobenzaldehj’de in the 
Perkin reaction, gives tron«-o-aminocinnamic acid, which on long heat- 
ing with hydrochloric acid is converted to carbostyril (the nitrogen 
analog of coumarin).’* 

CH 

O CH=Cn— CO,H ^ 

NH, ' 

NH 


The aminocinnamic acids can be iliazotized and subjected to the usual 
diazonlum replacement reactions; tins method has served for the prepara- 
tion of the chloro-, bromo-, and iodocinnamic acids,” and o- and p- 
fluorocinnamic acids.” 

" Tiemann and Henfeld. Ber.. 10. 2S5 (tSTT)- 

“ Gabriel. Ber.. IS, 2294 {18S2) ; Gabnel and Herabere, Ber., 16, 203S (ISS3). 

“Baejer and Jackson, Ber.. IS, 115 (ISSO): •nemann. Ber.. 13. 2009 (ISSO); Posner 
/Inn., 389, 45 (1912) : Stoermer and Rejmann. Ber., iS, 3099 (1912). 

” Griess, Ber., 18, 961 (ISS5) . Kindler, Aaia, 464. 278 (1928). 
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The Perkin reaction has been carried out -tt-ith aldehydes of the 
biphenyl and naphthalene series. 1-Naphthaldchyde and 4-bromo- 
1-naphthaldehyde react quite satisfactorily, but 2-naphthaldehyde 
gives only a small yield of ^-2-naphthylaciylic acid. 2-Hydroxi'-l- 
naphthaldehyde gives a 30% yield of /3-naphthocoumarin.'“ 

Furfural ^ (and substituted 2-furanaldchydes) and 2-thiophenealde- 
hyde take part readily in the Perkin reaction, but there appears to be 
no report of the use of aldehydes of the pjTidine and quinoline series. 
The 2- and 4-pyridineacrj'lic acids, and the corresponding quinoline 
derivatives, are prepared conveniently by condensation of the 2- or 4- 
methyl derivative with chloral, followed by hydrolysis.'*'' 


O Zna, KOH 

CHj+CChCHO ^ *Lj^^JcHiCHOHCCh c,H,OH^ ll.j^^CH=CHCOjH 

The condensation of indole-3-aldehyde with hippuric acid in the presence 
of acetic anhydride and sodium acetate (Erlenmeyer’s azlactone syn- 
thesis) has been reported.'*® 

Cinnamaldehyde, which is a vinylog of benzaldehyde, gives excellent 
jdelds of ^-styrjdacrylic acids under the usual conditions of the Perkin 
reaction.^ 


C6H6CH=CHCH0 + (CHaCOlsO 


CHjCOsNa 


C6H6CH=CHCH=CHC02H 


On heating cinnamaldehjrfe with phenj'lacetic acid in the presence of 
acetic anhydride and litharge, decarboxylation occurs and 1,4-diphenyl- 
butadiene is obtained in 30% yield.'*' 

C6H6CH=CHCH0 + CeHsCHsCOzH — — > 

(CHsC0)20 

C6H6CH=CHCH==CHC6H5 

”Hey, J. Chem. Soc., 2478 (1931); Bee also Vorlander, Ber., 68, 453 (1935), and 
reference 28, p. 1069, 

Rousset, Bull. soc. cUm., [3] 17, 813 (1897). 

^0 Mayer and SiegUtz, Ber.. 55, 1839 (1922). 

« Kaufmann, Ber., 16, 685 (1883). 

“ Baeyer, Ber., 10, 357 (1877) ; Gibson and Kahnweiler, Am. Chem. J., 12, 314 
(1890) : Johnson, Org. Syntheses, 20, 55 (1940). 

"Biedermann, Ber., 19, 1855 (1886); Cohn, Z. physiol. Chem., 17, 283 (1890). 

“ Einhom, Ber., 18, 3465 (1885) ; Ann., 287, 27 (1895) : Koenigs and MUIer, Ber., 
37, 1338 (1904); Rabe and Kindler, Ber., 55, 532 (1922); Alberts and Bachman J. Am. 
Chem. Soc., 57, 1284 (1937). 

« EUinger and Flamand, Ber., 40, 3031 (1907); Z. physiol. Chem., 55, 15 (1908). 

“ Kuhn and Winterstein, Helv. Chim. Aria., 11, 103 (1928) ; Corson, Org. Syntheses 16 
28 (1936). 
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Under the same conditions two moles of cinnamaldeliyde react with one 
of sueeinic acid to give l,8-diphenyloctatetrene.“ 

The bifunctional aromatic aldehj-des, phthalaldehyde/^ isophthalalde- 
hyde,‘* and terrphthalaldchyde,”- "can be converted to the correspond- 
ing bcnzenediacrj-lic acids in 20, SO, and 50% j-iclds, respectively. 
Under mikl conditions tcrephthaldchyde gives the monoaciylic acid, 
4-formylcinnamic acid;<* on prolonged heating a mivturc of the mono 
and di-acrylic acids is obtained (25% and 50% yields, respectively).*® 


Clio cn=ciico,n 
I i 

c,n, -♦ c,if, 

I I 

Clio Clio 


CII=CIICO,II 


C.Hi 


cn=cnco,n 


2,2’-Biphcnyldialdehydc gives an S-0% yield of 2,2'-biplienyldiacr5-lic 
acid.** 

4-Cyanobcnzaldehydc ** and 4-carbocthoxj-benraldehyde *’ have been 
converted to the corresponding cinnamic acids, apparently in satis- 
factorj" yields. 2-C)’anocinnamic acid h.*is been prcparwl through 
Caro’s modification of the Perkin reaction, by heating 2-cyanobcnzal 
chloride with acetic anhydride and sodium acetate.** 

/Uiphatic aldehydes such as valetaldehyde and heptaldehj’de give 
mainly conilonsation products when heated with acetic anhj-dride and 
sodium acetate, and only small amounts of the (J-a]kylaco*lie acids are 
formed.** Acetaldehyde with propionic anltydridc und sodium propion- 
ate (thirty hours at 120-130®) gives a small j-ield of tigUc acid, and iso- 
butyraldehyde with the same reagents (thirty hours at 190-200®) gives 
a 15-20% j-icld of Lsoracrie 4-metliylpcntenoic acids.** The reaction with 
sodium phcnylacctate and acetic anhydride, sometimes called Oglialoro’s 
modification of the Perkin reaction,** is somewhat more sati^acfoij'j 
with these reagents paraldehj-de gi^'cs oepbenylcrotonic acid (methyl- 
atropic acid).** 

"Thiele »nd F»lt. Ann.. StT. 117 (1900). 

“ Ruggh md Stsub, lltlf. Chm. Atto. IT. 1523 (1934). 

” L6w, Ann., 331. 375 (1SS5). 

*• Ephnum. Do-.. 34. 2784 (1901). 

" WeiUenbock, MonaltA.. 34. 208 (1913). 

“ Mosea. Bee., S3. 2625 (1900) ; fee atw Sboppee. J. CAent. See . 9S5 (1930). 

•» Drory, Ber., 11, 2574 (1891). 

“Fittig and Sehneegana. Ann.. 137. 79 (1SS5). Fillig and Ilaffhen, Ann, SOi. 334 
(1899). 

** Kietreiber, Mvno/iA., 19, 735 (189^. 

“ Oghaloro, Gatr. cMm. ilal., 8. 429 (187S) : 9. 428 . 132 (1S79) ; 10. 431 (ISSO) ; and 
Inter papers. 

» Rape. Ann.. 369. 332 (ISCi,. 
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Although the Perkin reaction in its simplest form is quite unsatis- 
factorj’- -with aliphatic aldehydes, modifications invoh-ing the replacement 
of the monobasic acid components by succinic acid (Fittig’s synthesis 
of paraconic acids and / 3 , 7 -unsaturated acids)’^’ and bj' malonic acid 
(Doebner,®^ Knoevenagel are useful preparative methods in the ali- 
phatic and aromatic series. 

Simple aliphatic and aromatic ketones cannot be used as carbonjd 
components in the Perkin reaction, or in the paraconic acid sjmthesis. 
Acetone condenses with malonic acid in the presence of acetic anhy- 
dride,®^ or ammonia,®- to give / 3 ,/ 3 -dimethjdacr 3 'lic acid. The best results 
are obtained b3'^ Doebner’s method using malonic acid and p3Tidine, 
which gives a 60 % 3deld; ®^ under these conditions diethvd ketone gives 
/ 5 ,/S-dieth 3 'laciylic acid in 30 % 3aeld, but c3'clohexanone gives less than 
5 % of the corresponding acrylic acid. 

a-Ketonic acids react with acetic anhydride and sodium acetate, with 
loss of carbon dioxide, to give / 3 -substituted acr3'lic acids,®^ P3’TU%ric acid 
gives crotonic acid, and aiylgl3'0X3'lic acids give the corresponding 
cinnamic acids. 

CHiCOiNa 

RCOCOjH -b (CHjCOsO — — > RCH=CHC02H -f CO 2 + CH.CO 2 H 


P3'^u^^c acid reacts in a similar wa3'^ with sodium succinate in the pres- 
ence of acetic anh3’dride, to form dimeth3'Imaleic anh3'dride. These 
reactions have little preparative value as the same products can iisuaUy 
be obtained from more readil3’^ accessible reactants. 

Michael and Gabriel made the remarkable discovert' that phthalic 
anh5’-dride ma3’’ be used as the carbon3'l component in a Perkin reaction. 
On heating phthalic anh3-dride nith acetic anh3'dride and potassium 
acetate, for ten minutes at 150 - 160 °, phthal3dacetic acid is formed in 
50 % 3-ield.®® 


^co, 
y— CO’ 


(CH3C0).0 


HCCO2H 

CH,CO.K ^ — Ck. 

— 


Fittig and Frantel. Ann., 255, 18 (1SS9) ; Fittig and Politio, Ann., 255, 293 (1SS9). 

” Docbner, Bcr., 33, 2140 (1900) ; Bcr., 35. 1137 (1902). 

Knoevenagel, Bcr., 31, 259S (1S9S); Ger. pats., 97,734, 150,500, 101,171 (Brd(., 7. 
730; 8, 1205). 

“ Massot. Bcr., 27, 1225, 1574 (1594). 

Knoevenagel. Ger. pat., 102,231 (Frdl., 8, 1207). 

0utt. J. Indian Chem. Soc., 1, 297 (1925); C. .1,. 19. 2475 (1925). 

'• Homolka. Bcr., 18. 9S7 (1SS5) ; Claus and WoUner, Bcr.. 18. ISGl (1555). 

“Gabriel and Michael, Bcr., 10, 1554 (ISTT); Gabriel and Neumann, Brr,. 26, 952 
aS93). 
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Tliis acid undergoes a number of interesting transformations; on treat- 
ment with sodium metlioxide and subsequent wanning \vith hydrochloric 
acid, carbon dioxide is evolved and 1^-diketohydrindcne is obtained. 
Cold aqueous alkalies open the lactone ring of phthalylacetic acid to 
form 2-carboxybenzoylacctic acid, wliich loses carbon dioxide rcadilj'^ to 
yield 2-acotjibenzoic acid. 


KaOCHt ^ 
Phtliftlyl- y' 
acetic acid 


CK>co-«-0- 


?!— CO, 


O COCIItCOiH 
CO»TI 


O — COCH, 
-CO,H 


rhthalic anhydride reacts will phenylacetic acid and sodium acetate, 
with evolution of carbon dioxede, to give benzalphthalide in 71-74% 
yields.” 

HO— o,ir» 


CO 

/ \ 

C.Ha 0 -I- CallaCIIjCOiH 

\ / 


CO 


c 

/ \ 

Calla^ ^0 


CO 


Bcnzalphthalidc is converted by sodium methoxide into l,3-dikcto-2- 
pbcnylhydrindcne,*^ and by concentrated aqueous aiJcah'cs into 2- 
phcnacctylbenzoic acid. These transformations of the phthalic anhy- 
dride condensation products are useful preparative methods. 


Acid Components 

Although the Perkin reaction is considered to occur with the acid 
anhydride, there are numerous instances in which the resulting acrylic 
acid corresponds to the salt used and not the anhydride. Thus, sodium 
phenylacetate and acetic anhydride react with bcnzaldehydes to produce 
a-phenyJcinnamic acids in excellent yields (Oglialoro’s modification},” 
and a-acylaminoacetic acids react with bcnzaldehydes in the presence of 
acetic anhydride and sodium acetate at 100® to give derivatives of 

“Gabnel, Ber., 18. 3470 (ISSS) . WeUa. Orf. Svnthetet. IS. 10 (1933). 

"Nathanaon, Bcr., 86. 2570 (1893); Bfeoer, B«r , 89, 2203 (H}0C>. 
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a-ac3']aminocinnamic acids (azlactonesjTith&sis)/® Omngtothe exchange 
reactions that occur in mixtures of acids, salts, and anhj'drides, even at 
100 °, the product vail depend primarilj' upon the relative acti\'e-methj'l- 
ene reactmtj' of the various acid species present. For this reason it vill 
be convenient in the present discussion to refer mereh' to the acid com- 
ponent that undergoes reaction, without necessarilj' specifjdng whether 
it is introduced as the free acid, salt, or aohj-dride. 

The Perkin reaction is limited practicall3’^ to acetic and monosubsti- 
tuted acetic acids, RCH2CO2H, as two a-h3'drogen atoms must be 
eliminated to form the a,d-unsaturation. Disubstituted acetic acids 
such as isobut3Tic acid give ; 3 -h 3 'dro.x 3 '-a;,ar-dialk 3 'lpropionic acids, but 
this reaction has little preparative significance as the Claisen or Reform- 
atsk3^ reaction (p. 8 ) is usuall3'’ more satisfactor3' for such compounds; 
at higher temperatures the dialk3dacetic acids 3*ield dia]k5'lst3^renes 
(p. 212 ). The present sim'e3' is restricted to monosubstituted acetic 
acids and related t3'pes, which are considered according to the nature of 
the substituent in the a-position. 

Alk:3'lacetic acids having a straight-chain alk3'l substituent react 
quite readil3' with benzaldeh3’de to give a-alk3'lcuinainic acids in satis- 
factor3* 5’ields.- Propionic, n-but3Tic,’ and n-caproic anh3'drides react 
with aromatic aldeh3'des at lower temperatures ( 100 °) than acetic an- 
h3*(iride, and often give slightlj' higher 3'ielcls. Palmitic anh3*dride and 
sodium palmitate are reported to give a 55 % 3neld of a-n-tetradec3'lcin- 
namic acid.®® 

Isocaproic acid appears to react normall3' to form a-isobut3’-Icin- 
namic acid, but isovaleric acid gives ver3' small 3 'ield 3 of the a-isoprop3d 
derivatives.®® Even at temperatures as low as 70 °, a mixture of valeric 
anh3'dride, sodium valerate, and benzaldeh3*de evolves carbon dioxide, 
and isoprop3'lst3Tene is the main product; the same behamor occxirs with 
p-anisaldeh3"de and with furfural. The decarbox3'lation is beheved to 
occur at an intermediate stage since the a-isoprop3-lacr3Rc acids, once 
formed, are stable above 100 °. CycloaIk3'lacetic acids apparent^ have 
not been used in the Perkin reaction. 

Crotonic anhs-dride, which is a -rins-log of acetic anh3'dride, reacts with 
benzaldeh5"de in the presence of trieths-lamine (but not potassium cro- 
tonate) to give a-vin3"lcinnamic acid in 40 % 3’ield.®“ 

CcHsCHO -f (CH3CH=CHC0)20 ^ C6H5CH=CC02H 

CH=CH2 

"Erlenmeyer, Ann., 271, 164 (1892); 337, 265 (1904); see also PlccU, Ber., 16, 2815 

(1SS3). 

Krafft and Rosins, Ber., 33, 3578 (1900). 
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TJ)e miction is considered to in\-dvea preiiminary l,4-€noIi2ation of the 
7-metliyl group to give the ^-Btcm CIl 2 =CH— CII=C(OH)OAc, and 
subsequent addition of benzaldehyde at the a-position. Under similar 
conditions /3,8-dimothylaeiylic anhydride gives a-isopropenylcinnamic 
acid (38% yield);’'’ the corresponding a-isopropcnyl derivatives have 
been obtained also from o-nitrobcnzaldchjTle, p-anisaldehyde, piperonal, 
cinnamaldchyde, and furfural. 

Phenylacctic acid and other o-arylacetic acids react verj' satisfactorily 
r\ith aromatic aldehj’dcs to give tt-atj’lcinnainic acids. Oglialoro 
showed that sodium phenylacetatc and acetic anhydride give o-phenyl- 
cirmamic acid, and only a trace of cinnamic acid is formed. This modi- 
fication, with subsequent refinements,* is a convenient preparative 
method as it obviates the neccssitj’ of isolating the arj-lacetic anhydride. 
The good yields obtained in (bis reaction are undoubtedly due to the 
ability of «-aryl groups to enhance the active-raethylene activity, as the 
order of reactiiitj' of anhydrjd<ysalt combinations follows the sequence: 
O'arj-l » alkyl > hydrogen.” Tolylacctic acids and other substi- 
tuted ajylacetic acids also give satisfacloiy’ ydeld-s. 

Homologs of phenylacctic acid such as /J-phenylpropionic and y-phen- 
ylbutyric acids are much less reactive than phenylacctic acid, and 
tho Oglialoro modification gives poor yields owing to the formation of 
large quantities of cinnamic acid.”' ’* The reaction is used nevertheless 
ns a preparative method since the products cannot be sjTithesizcd con- 
veniently in other ways. Sodium /3*phenylpropionato with bcnzaldehyde 
and acetic anhydride gives a-bcnzylcinnamic acid; ” salts of p-chloro-, 
bromo-, iodo-, and dimethylamino-phcnylpropionic acids give the corre- 
sponding substituted benzyl derivatives in low yields.’^ Potassium 
y-plicnylbutyratc with bcnzaldehyde and acetic anhydride (twelve daj's 
at 100°) gircs a-phencthyicinnamic acid ia 14% yield.” 

Phcnylisocrotonic acid (styiylacetic or 0-benzalpropioaic acid), a 
vinylog of plicnylacetic arid, reacts satisfactorily when the sodium salt is 
used in combination with acetic anhydride.’* 


c.riiCiro -f- Ceir»CH=ciicii,co,N» — » 


• For an ciampio of tho laboratofy procedure ec« p. 2S3. 

” Ishikawa and Kato, Sn. Bepto. Toiyo Bunnka Datgaku. I. 2S9 (1934) . C. A., 28. 
2698 <f934). 

” Balvuiun, Gazi. <him \lal.. SI, II. 77 (1001) , Bakunin and Fisceman, tbief . 46, I, 77 
(1016). 

"Pschorr. Bcr.. S9, 3110 (lOOG). 

’Mtupo. Ann , 895. 100, 411 (1913). 
u Shoppee. J. Chem. Soc.. 068 (1930). 

« Thiele, ilnn.. S06. 154 (ISOO). 
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This reaction can be carried out in 20-25 minutes at 140° ; the product is 
1.4-diphenylbutadiene-2-carbo.\ylic acid, which is structural]}' analogous 
to the acids obtained from crotonic and dimeth}'lacr}'hc anhydrides 
(p. 224). 

Malonic acid, owing to the powerful activating effect of two carbo.x}'! 
groups on the same carbon atom, undergoes condensation vith aliphatic 
and aromatic aldehydes under ver}' mild conditions. In this particxilar 
case it is likely that the acid itself (in the enol form) reacts with the alde- 
hyde, and the condensation can be effected satisfactorily under a wide 
variety of conditions. Undoubtedly the use of malonic acid is the best 
and most general preparative method for /8-.substituted acrj'llc acids. 
Until quite recently malonic acid has been a relatively e.\pen.sive reagent 
and its use has been restricted largely to the less common aromatic alde- 
hydes. It has also proved especially useful for aliphatic aldehydes and 
for various aromatic aldehydes that give poor results in the simple Perkin 
reaction (alk}'l-, alkox}'-, dimethylamino-benzaldehydes, etc.). 

The condensation of malonic acid with various aliphatic aldehydes 
(paraldehyde,'® propionaldehyde,*' isobuUualdehyde,'® isovaleralde- 
hyde,'® etc.) was first effected in glacial acetic acid and a little acetic 
anhydride. Knoevenagel foimd that the reaction can be carried out 
vith much better results using ammonia or primar}' or secondary amines 
(especially piperidine) as catalysts. Unfortunately neither of these mod- 
ifications is a good preparative method in the ahphatic series as mixtures 
of a,fi- and ^, 7 -unsaturated acids are obtained.®® The most satisfactor}' 
method in the aliphatic (and aromatic) .series is Doebneris modification 
using pruidine, which has been studied by von Auwers.®® He found that 
acetaldehyde giv^ exclusively crotonic acid (60% }-ield). 

C,HiX 

CHsCHO + CHstCOaH), > CHjCH=CHC02H 4- CO. 

Propionaldehyde gives almost pure ar,,e-pentenoie acid, with only a trace 
of the ^, 7 -isomer; isobut}'raldehyde, isovaleraldehyde, and n-heptalde- 
hyde give almost entirely a.^unsaturated acids. With n-heptaldehyde 
the ^, 7 -misaturated acid amoimts to .5-10%; the latter can be removed 
by stirring vith 85% .sulfuric acid at 80°,®^ which converts it to the 
7 -lactone (insoluble in sodium carbonate solution). 

Komnenos, A-nn.^ 218, 149 (1SS3). 

“ Fittig, Ann,, 283, 85 (1894). 

Braun, MoTiaUh,, 17, 213 (1S9G)- 
” Schryver, J. Soc., 63, 1331, 1334 (1893). 

^’Zaar, Ber. Sd'dramel Co. AJU. Ge^., Jubilee Xumber, 299 (1929); C. A., 24, 2107 
(1930). 

von AuTrers, Meiinner, Seydel, and WiEsebacb, Ann., 432, 46 (1923). 

^ Sbukow and Scbestakcrpr, J. Bu^. Bhyz. Cfiem. Soc,, 40, S30 (1905) ; Cftem. Zentr., II 
1415 (1905). 



ACID CX)MFOXENTS 


227 

Acrolein ” and crotonaldeh3-de »»• “ can be condensed ivith malonic 
acid in p^-ridine to give butadicneoarbo^-lic acid and sorbic acid in satis- 
factorj" yields. 

cu.cn=ciicno+cn,tco,H), 25:? cn.CH-cscH=cnco.H+ co, 

Cinnamaldelij’de reacts vn th malonic acid in the presence of ammonia or 
aniline,” or in the presence of pyridine;”- «»• “ if the reaction is carried 
out at moderate fempcratiires cinnamalmalonic acid is obtained, but at 
higher temperatures carbon dioxide is evolved and cinnamalacefic acid 
is producctl. 

Aromatic aldchj-dcs react with malonic acid in the presence of am- 
monia and primary* and secondarj- amines “ to give benzalmalonic acids, 
which, on hcatbg, lose carbon dioxide to fona d-aiy-lacrj-lic acids. 

c,n»cno + cn.(co.n), ^ cjucn=c(co,ii). c.iLCH=CHco,n 

In the presence of largo amounts of ammonia or roefbylamine the corre- 
sponding d-amino-jS-arj’ipropionic acids are obtained in 50-C0% jnelds, 
together with some of the cinnamic acid.” 

Tlie arj-Iaco’lic acids are obtained directly by the Doebner modi^ca- 
tion using pjTidine as the solvent, and a small amount of piperidine. 
The reaction mixture is wanned for a short period on the steam bath and 
then refluxed for a few minutes. Tbb is the outstanding preparative 
method for ^aryhaciylic acids and often gives high yields of products 
which cannot be obtained by the ordinarj* Perkin reaction. Thus, 
4-dimelhylamlnoben:alUehyde®-*’ and 2,4,0-trimethoxj’ben2a!deh3xie** 
do not react in tlw usual Perkin sj-nthesis, but with m.<ilonic acid and 
pj-ridine thej* give the corresponding cionamio acids in 65-85% aud 70% 
j'ields, respectivcl}-. The Doebner method b also of great preparative 
^ aliie for hj-droxj cinnamic acids,” and it has been reported recentlj- that 
the reaction can be carried out successfully with only a small amount of 
pjTidine instead of using pyridine as a soh-ent.*’ Them is little doubt 
“RjMJrt, Ann.. 3S1, 89 (IMS). 

••Rodionov ind coUaboratore. Ber„ 69. S9S! (1926); .Are*. PAam., 266, 116 (192S): 

J. Am. CAfm. Sor., 81. 847 (1929) 

*• iremg. Wvaiel. and GeSringvr. MmUtk.. W. SfiS (1903). 

•• YorsntJ, J. praAt. Chem.. [2} 168, 26o (1936) 

•’ Kuiivn, Pandya, and Siirangv. J. Iiultam Chtm. Soc.. XI. 823 (1934) . C. A.. 29, 3323 
(1935). See al»i a senes ot supers Pandya and collaboratota, dealins with specific 
aldehydes- 

(o) SaJjfvlaJdebytie: Pw. Indian Acad. Sci , lA. 440 <1935) . C. d.. 29. 3325 (1935), 
Chrm. Zrn'tT.. II. 2362 (1935), 

(6> piperonal: Proc. Indian .4eo.I. Scv. 2A. 402 (1935); C. 30. 1775 (1936). Chem 
Zentr., I. 4433 (1936). 
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that pjTidine exerts a definite catalj-tic effect; substituted p5m'dme 
bases differ quantitatively in their effectiveness.®^ Bachmann and 
Idoetzel have reported excellent yields of the corre.sponding acrjdic 
acids from o-chlorobenzaldehyde and from several phenanthraldehydes 
(1-, 2-, 3-, and 10-), using malonic acid and a small amount of pjTidine. 

Fittig ® obser\’^ed that sodium methylmalonatc reacted vdth benzalde- 
hyde in the presence of acetic anliydride to form a-methylcinnamic acid. 
No doubt other alkyl- and arjd-malonic acids vould react with benzalde- 
hyde to give a-substituted cinnamic acids, but these reactions would be of 
little preparative value. 

Fittig discovered that aromatic ” and aliphatic aldehydes react 
readily with sodium succinate and acetic anhydride at 100°, to give 
7-phenyl- and Y-alkjd-paraconic acids (p. 213) in satisfactorj^ jdelds. 
These acids lose carbon dioxide on heating and form the /3,7-unsatiirated 
acids, together with a small amount of the 7-but3Tolactone. 


RCH- 

1 

0 


\ / 

CO 


-CHC02H 

i 

CH2 


RCH==CHCH2C02H + 


RCH- 


0 


\ / 

CO 


-CH2 

1 

CHs 


This reaction affords a useful extension of the Perkin .synthesis and has 
been used as a preparative method for a number of 7-substituted vinjd- 
acetic acids. Methylsuccinic acid gives a mixture of the isomeric a,y- 
and /3,7-disubstituted paraconic acids.®’ PhenyLsuccinic acid and benz- 
aldehyde react at 125° to give /3,7-diphenjdvin3dacetic acid.” 


(c) Anisaldehyde; Ftoc. Indian Acad. Set., 4A, 134 (1930) ; C. A., 30, 8149 (1930), Chem. 
Zentr., I, 2707 (1937). 

(d) p-Hydroiybenzaldehyde; Proc. Indian Acad. Sci., 4A, 140 (1936) ; C. A., 30, 8149 
(1936), Chem. Zentr., I, 2708 (1937). 

(e) jTt-Hydroxybenzaldehyde; Proc. Indian Acad. Sci., 4A, 144 (1930); C. A., 30, 8149 
(1936), Chem. Zentr., I, 2768 (1937). 

(/) o-Methoiy- and m-methoiybenzaldehyde: Proc. Indian Acad. ,Sci., 5A, 437 (1937) : 
C. A., 31. 7412 (1937), Chem. Zentr., II, 3313 (1937). 

(f) 2-Hydroxy-l-naplitlialdehyde: Proc. Indian Acad. Sci., 6A, 181 (1937) ; C. A., 32, 
1260 (1938), Chem. Zenir., I, 1350 (1938). 

(?i) 2,4-Dihydroxyben2aldehyde: Proc. Indian Acad. Sci., 7A, 381 (1938) ; C. A., 32, 
7435 (1938), Chem. Zentr., II, 2736 (1938). 

(i) p-Tolualdehyde; Proc. Indian Acad. Sci., 9A, 508 (1939) ; C. A., 33, 8589 (1939). 

(j) 3,4-Iliiiydroxy-. S-methoxy-I-hydroxy-, and 3,4-dimethoxybenzaIdehyde: Proc. 
Indian Acad. Sci., 9A, 511 (1939) ; C. A., 33, 8589 (1939), Bril. Chem. Abstracts, All, 478 
(1939). 

^ Bachmann, J . Org. Chem., 3, 444 (1938); Bachmann and Kloetzel, J. Am. Chem. Soc. 
59, 2209 (1937). 

“ Fittig, Ann., 255, 5, 7. 108, 126, 257 (1889). 

Fichter and Latzko, J. prdkt. Chem., [2] 74, 330 (1906). 
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CeH&CIIO + Cell&CHCOjNa 


CH,CO,Na 


CeHjCH=CCHsC02H + COj 

CsHs 


Plicnylsuccinic acid and cinnamaldehyde “ give only a small amount of 
the vinylogous unsaturated acid as the latter is transformed mainly into 
2,5-diphenylphcnol. 

Glutaric acid reacts with benzaldehydc to form only a trace of 
5-phenyl-7,5-pcntenoic acid (C6H5CH=CHCH2CH2COiH),« but phc- 
nyJglutaric acid reacts more satisfactorily and gives 7,5-diphenyl-Y, 
5-pcntcnoic acid.®* 

Hjc Perhin reaction is unsuitable for the direct preparation of o-fialo- 
genated cinnamic acids. When benzaldehydc is heated with sodium 
chloroacctate and acetic anhj’dride only a trace of a-chloroeinnamic acid 
is formed.*’- Sodium bromoacctate “ and fluoroacetate '* under 
similar conditions give none of the corresponding ayhalogenatcd ein- 
naraic acids. a-Bromocinnamic acid (in a variety of crj’stalline forms) 
can bo obtained bj- tl»e action of bases on the bromide of cinnamic acid 
under carefully controlled conditions; aqueous sodium carbonate or ace- 
tate converts the dibromide largely to ^broroostyrene. 

a-Pheno\y- and creso.xy-<innamic acids can be prepared by heating 
the sodium salts of arylo-xy’scetic acids with benzaldehydc and arctic 
anhydride,*^ but some cinnamic acid is formed also. The parent com- 
pound, o-bydrovycian.araic acid, is the cnol form of phenylpynivio acid. 

Cenf-CII=-C— CO,II C,IIr-CIIj--CO— CO,II 


Owing to this relationship certain dcrivati^’ca of a-thiolcinnamic acid 
(benzalrhodaninc, etc.)’* and cr-acylaminocinnamic acid (azlactoncs, 
etc.) can be hydrolyzed to give plicnylpyruvic acid, and this forms an 
elegant preparative method for arylpyni%-ic acids ** and related com- 
pounds.” 

Several derivatives of o-tbiolcinnamic acid can be obtained from the 
corresponding «-thiolacetic acids. So^um thiodiglycolatc reacts with 

PiciiUr and Grefhcr. Jler., 36. 1407 (1003). 

" FitUg, Ann., SS2. 334 (IS94). 

** Picht^r and Merkens, Ber., 34, 4177 (1901), 

•*rj5fh), ffrr.. 15. 1W3 (3SS?). 

•• MicWl. J. prakt. C>um.. pi 40, M (18S9). 

S« artj. Dull. *oc. fAim . 14] 88. 335 (1919). 

"OBliatoro, Gall. eA>m. tta! , 19. 4S3 (ISS®.30. 305 (3S90). 

♦* Gr&nach»r, lOh. Ch>m. Afta. 8. 610 (1932). 

" Buck and Id«. Ox- SpnAitf, 1*. 33 (193*) . Heftat and Sh«nin. iliA, !♦. 77 (1939) 
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two molecules of benzaldehyde in the presence of acetic anhydride to 
give a-thio-6fs-cinnamic acid, and no cinnamic acid is formed under these 
conditions.'®'’ 

CJItCHO + SfCIIsCOoNa). — > S /— C— CO:H\ 

V CHCcIIs A 

The most significant reaction of this type for preparative purposes is tiie 
condensation of cyclic sulfur compounds, such as rhodanine (and related 
heterocj'clic derivatives), with aromatic aldehj-des. Tliis condensation 
can be effected readily under various conditions as the methylene group 
of rhodanine is quite active; * excellent jdelds are obtained using a com- 
bination of glacial acetic acid and sodium acetate.'®' 

ECHO + CH; — CO cH,co.H RCH=C CO 

S NH cn^o.Na ^ 

\ / \ / 
cs cs 


Tlie resulting derivatives are useful intermediates for the preparation 
of aiyltlriopyruvic acids,"® /3-arjdalanines,"® arjdacetonitriles, arjdacetic 
acids, /S-arjdethylamines, etc.'®'* These reactions ha\’e been par- 
ticularly useful in the furan series and for alkoxj’-phenyl com- 
pounds.'®' Furfural has been converted to 2-furanacetic acid *®" in an 
over-all yield of 73% by the following tjqjical series of transformations 
(five steps). 


RCH=C- 


-CO 


NaOH 


S NH 

\ / 

CS 

96% yield 


-> RCH=CC02H 

I 

SH 


NHjOH 

RCH.CCOH 3- 


95-99% jicld 

RCH 2 CCO 2 H RCHoCN RCHoCOoH 


N— OH 

93% yield 


S8% yield 


96% yield 


It is difficult to find another series of reactions that gives such uncom- 
monly good jdelds. It is of interest to note that the process does not 
require strong mineral acids at anj’' stage and consequently is well 
adapted for use vdth acid-sensitive groups. 


* For a eur\'ey of earlier references to these condensations see Granacher, reference 9S 
Loeven, Ber., 18, 3242 (1S85) ; see also Hinsberg, J, prakt. Chem., [2] 84, 192 (1911) 
Julian and Sturgis, J. Am. Chem. Soc., 57, 1126 (1935). 

102 piucker and Amstutz, J. Am. Chem. Soc., 62, 1512 (1940). 
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A larRo number of derivatives of anunoacctic acid undergo condensa- 
tion with benzaldcliyde and other aldehyd(» of aromatic t3’pe, in essen- 
tiall.v the same manner as rhodanine. The most familiar example b the 
condensation of hippuric acid with bcnialdchj’de in the presence of 
acetic anh3-dridc and sodium acetate (Erlcnmc 3 -er '5 aziactone S3mthe- 
sb).“ 


C«»iCJIO+ Ci;,CO,H 

Nil 

\ 

C 0 C* 1 I» 


Tlic 3’ichb of azlactones (substituted oxazolones)* from hippuric acid 
arc usuall3* quite good (C 2 -t>l% with bcnzaldeh3'de,'“ 69 - 73 % with 
3,4-<limcthox3-bcn2aldch3'dc •*’), and similar or somewhat better results 
arc obtained when aeeturic acid b used ( 74 - 77 % 3-ield of aziactone from 
bcnzaldch3*de)."’* 

Mild h3'drol3'si3 of the azlactones with alkalies gives the «»ac3’lamino- 
cinnamic acids (If), and further h3'drol3'sb 3'ielcb the ar3'Ip3'ruvic acids 
(III).'*- »» 

CiII,Cir=CCOiII ca CdUCIIjCCOtll ) C«H,CH,CCO,H 


NfICOR NCOR 0 

n in 


For (hb t3'pe of reaction tiic or-acetamido compounds are preferable 
to the a-benzamiUocinnamic acids, as the former are loss resbtant to 
h3-dro!3-sb Thb is partieuJarJj’ true for azlactones derived from o-nitro- 
bcnzaldeh3’des, which undergo a variet3' of side reactions on warming 
with alkalies.'®* The ar>’lp3’nivic acids are useful intermediates in 
S3Tithetic w ork ; on oxidation with hydrogen peroxide they give arylacetic 
acids in good yields.*’ Tlic azlactones and <i-acylarainocinnamie acids 
can be transformed into 0-ar>-l-<r-ammopropionic acids by w arming with 
phosphorus and hydriodic acid,**- •“ or by catalytic reduction and sub- 
sequent h3’drol3’sis."” 

• la CAfmwoi AbttratU and BnUtnn't UandbrnK the aaUetone (I) from hippune acid 
and bcnialdchyde la named 2-phenj l-4-liei«al.a-oia*oIone , that from aceturio acid la 
2-methyl-l bcnjal-S-oiaiolone, In Bntiah usage Uio former (I) u called 5-teto-2-phenyl- 
4-beniylidene-4 5-dihydrooiMole. 

>«> GiUeepie and Snyder. Org. 14, 81 (I9W). 

Buck and Ide. Org, SynlArw*. IS, 8 (1933) , see also «6i<f.. 15, 31. 33 (1935). 

Ilerbst and Sheimn. Org. Ssmlhewt, 19 . 1 (1939) . see also pp. 67 and 77. 

Burton. J. Chem. Soc.. 1265 a935); 402 (1937). 
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Erlenmeyer found that IST-phenylgtycine (i.e., its acetyl derivative, 
■which has no hydrogen on the nitrogen atom) does not give an azlac- 
tone, but he showed that creatine can be condensed -with benzaldeh3rie 
in the presence of acetic aohj^dride and sodium acetate. Under improved 
conditions an 80% jdeld of Iv-acetyl-5-benzalcreatine (RO is ob- 

C 6 H 5 CH=C CO „ CcH^-CHz— CH— CO 2 H 

1 1 1 

CH 3 N NH NH— CHs 

\ / 

C 

il 

NCOCH 3 

IV V 

tained, and this on reduction and h5'drol3'sis can be transformed into 
iSf-methjdphenylalaiune (\0i this affords a useful general method for 
N-methyl derivatives of /3-substituted alanines.*”'’ 

Hj'dantoin condenses ■with a variety of aromatic aldeh3'des (including 
anisaldeh3'de, piperonal, furfural, etc.) in the presence of acetic acid, 
sodium acetate, and a little acetic anhydride.*”” The corresponding 
5-benzalhydantoms (IT) are obtained in good 3uelds (70-85%) and are 
useful intermediates for amino acid S3'ntheses. Similar condertsation 


CcH5CH=C CO 

1 I 

HN NH 

\ / 

C 


O 


XI 


C6H5CH==C- 

I 

CH 3 CON 


-CO 




XH 


■sui 


products (ITI) can be obtained from ac3-lthioh3'dantoins *”” under sim- 
ilar conditions. It has been reported recenth- that 92-98% 3'ields of 
l-acetyl-5-benzal-2-thioh3'dantoins (ITI) are secured from acetylthio- 
h3’dantoin b3' using p3'ridine and a trace of dieth3'lamine or p3Tidine,**“ 
but this procedure gives inferior 3'ields (30-10%) with h3'dantoin itself. 

C3'anoacetic acid reacts readil3' rrith aromatic aldeh3-des to give 
a-eyanocinnamic acids, which can be decarboxylated b3' heating to give 
the ^-ai:3'lacr3'lomtriles.*** 

Nicolet and Campbell, J. -4m. Chtm. Soc., 50, 1155 C192S). 

Deiilofeu and Mendivelzua, 68, 7S3 (1935). 

Wheeler and Hoflman, Am. Chem. J., 45, 3C9 (1911) ; see aL«o \\’hceler, Nieolct. and 
Johnson, tbid-t 46, 471 (1911). 

^^^Boyd and Robson, Bxod^m. J., 29, 542 (1935); C. -4., 29, 5094 (1935). 

Fiquct, BuU. toe. [317, 11 (1S92); Ann. eftim , [G]29, 43-3 (1S93). 
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C.II.CHO + CXCII,C0,II — C,II,CH«=CC0,II ^5+ c.n.cir—citcK 

I 

cs 

The ofcyanocinnamio acids are prepared conveniently bj' using an 
aqueous solution of sodium cj-anoacetate obtained from sodium cyanide 
and cliJoro.acctie acid.”* The <re}'aDoeinnamic acids cannot be used as 
intermediates for preparing bcnzalmalonic or cinnamic acids since they 
are resistant to hydrolysis by acids and are cleaved into benzaldehyde 
and malonic acid by strong alkalies.*** The addition of sodium cyanide 
to ethyl a-cyanocinnamate and subsequent hydrolysis with acids gives 
pbenyburcinic acid in 90-95% yields.*** Tiie addition of ethyl malonate 
to ethyl a-cyanocinnamatc leads in a similar way to a-phenylglutaric 
acid in 75-85% yields.'** 

The condensation of benzyJeyanidc with aromatic aldehydes leads 
directly to the nitriles of a*arylcinnamic acids, C6H5 CII=C(CbHs)CN,‘'-* 
which have limited appheation in synthetic work. 

Comparison with Other Synthetic Methods 

From tho standpoint of its application in organic synthesis the Perkin 
reaction is used most generally for Uie preparation of i5-arylacrylio and 
a-substitutcd'^-arylaciy hc acids Two other methods of very gen- 
eral utility are available for the same purpose — the Claisen condensa- 
tion of aldehydes with esters and the Reformatsky reaction. For tho 
purpose of (his discussion the conden-sations of malonic acid in the pres- 
ence of ammonia and primary or secondary amines will be designated 
as tho Knoevenagel motlification • of the Perkin reaction, and the use of 
malonic acid in pyridine (usually with a little piperidine added) will be 
designated as the Doebner modification.t A general comparison of 
these reactions may be made for a simple e.\amplc, such as the prepara- 
tion of cinn.imic acid from benzaldehy'de (see al:^o p. 8) 

Perkin: Acetic anliydridc; potassium acetate; five hours’ heating 
at 175-180*’; yield, 55%. 

• Tho term Knoevenagel reaction is used Tcry broadly to mcludo the condensation of 
esters, lutnles, nitropnraffina, etc . with « variety of carbonyl components in the presence 
of ammonia or primary or secondary anunes. 

t The term Doebner reaction is often used for tho synthesis of a.alkyl- and a.aryl- 
cinchomme acids from aromatic amines, aldehydes, and pjmuvnc acid. 

“'Lspvvortb and hfcRae. J. Ciem. Soe., Ul. 1600 (19J2), Lapaorth and Baker, Orj. 

CM J’nt, I J75 fJf»a2y 

“« Lapworth and Baker, Or*. Syntheses CoB Vol . I. 440 (1932). 

*" Manske, J. Am. Chrm. Soe., 53. 1100 (1931). 

Frost, /Inn, 240. 157 itSSO); XValtber. J. pralt CArm.. f2j53, 454 (1395); Brand 
and Lohr, .fcid , [2] 109. 3C5 (1925). 
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Knoevenagel: Malonic acid; ammonia, piperidine, or diethylamine, 
alcohol as solvent; two to four hours’ heating at 100°; yield, 70-80%. 

Doebner: Malonic acid; trace of jiiperidine; pyridine a.s solvent ; one 
to two hours’ heating at 100°; yield, SO-90%. 

Claisen: Etln-l acetate, absolute; metallic sodium and a trace of 
alcohol; excess of ethyl acetate ser\'es as solvent; two hours at 0-5°; 
yield, 6S-74%.«' 

Reformatsky: * Ethyl bromoacetate; metallic zinc; iK-nzcne as solvent; 
one to two hours at 100°, followed In* heating and distillation (to deln- 
drate intermediate /3-hydroxy ester); jncld, 50-00%. 

In the ClaLsen reaction the product is an ester, which can bo saponi- 
fied readily to obtain the acid; in the Reformatsky reaction, the inter- 
mediate ^hydroxj- ester is subjected to dehydration and the resulting 
cinnamic ester distilled and saponified. 

CcHiCHO -f CHjCOiCiHs CcHjCH=CnCO:C;H5 -r H:0 

(Claisen reaction) 

CeHiCHO -f BrCH;CO;C;H5 CtHsCHOHCHiCOjCjHs 

i H«t 

C6H5CH=CHCO:C:Hs 

(ReJonnaishj reaction) 

The direct formation of an ester may be advantageous in many instances, 
as the purification of an ester by distillation is likely to be more conven- 
ient and less wasteful of material than reciystallization of the solid acid. 
^Moreover, the esters are often desired in preference to the free acids for 
use in subsequent transformations, such as conversion to amides, 
catahTic hydrogenation, and formation of addition or substitution 
products. 

The Perkin reaction is particularly well suited for reactions invohTng 
nitrobenzaldehydes and halogenated benzaldehj’des, since especially 
high j-ields are obtained with these compounds and these types of sub- 
stituents are unfavorable for the Claisen or Reformatskx- reactions. 
Benzaldehydes containing a free phenolic group are likewise imsuited for 
the Claisen or Reformatsky reaction but may be protected bj* aUylation 
or acetylation. In the Perkin reaction o-hydroxybenzaldehydes give 
coumarins; the m- and p-hydroxy compounds jrield the corresimndiag 
acetoxYcinn amic acids, which can be hydroh'zed readily with alkalies. 
The Doebner modification is suitable for hydroxy compounds and gives 

*See Clispter 1. 

Marvel and Sing, Org. Syntheses CoU. YoL, I, 245 (1932). 
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especially good results if tlic reaction is carried out by long standing at 
room temperature.” 

Tlie Claisen reaction is definitely superior to the ordinary Perkin 
traction for alkylbcnraldehydcs, alko'Q’benzaldehydes, and p^iimethyl- 
flminobenzafdcfiyt/c. Those 131*5 gire 0(hS5% yields of the corre- 
sponding cinnamic esters in the Claisen reaction, and siniilar good yields 
in the Doebner modification of the Perkin reaction; the linoevenagel 
modification is satisfactor3’ also for such preparations. 2,4,C-Trimethyl- 
cinnamic acid is obtained only in traces in the usual Perkin reaction, 
but (he ethyl e,stcr can be prepared in 70% 3deld by the Claisen method.*’ 
Tlie Doebner modification is rapid and convenient, and for large-scale 
preparation.^ ia Jess Jiazardous tJian the Claisen reaction. A large quan- 
tit3’ of p3’ridinc is required, and it must be anh3'drou8 for maximum 
3-ields. A technical fraction of P3Tidine bases (b.p. 120-160°), after 
redistiUation and thorough dodng, gives as good results as pure p3Tidine; 
recent studies indicate tliat the p3TidiDe bases can be used in stoichio- 
metric quantities “’and even in catalytic amounts.*^ The Jiaoerenagel 
modification is simpler from the standpoint of solvent required, as 
alcohol is a satisfactory medium. Neither the Doebner nor the linoeven- 
agcl modification is used for a-substituted cinnamic acids as the requisite 
monosubstituted malonic acids arc not readily accessible. 

A satis/aetofj' of substituted cinnamic acids from tJje corre- 

sponding bensyl halides has been developed by von Braun and Nelles.“* 
The benzyl halide is converted to the corresponding malonic acid in the 
conventional way; the resulting d-aiylmalonic acid is then brominated, 
dccarboxylated, and treated with alkali. 

UCHjBr -* RCHjCIKCOall), RCH,CBr(COiH)j * 

RCHjCllRrCOtH RCH=CHCO,H 

This method is not suitable for aliphatic or alicyclic compounds but 
gives good over-sU yields mtb a variety of subsptuted benzyl haJidps. 
The advantage of this synthesis o%'er the Perkin or Claisen reaction hes 
in the circumstance that the benzyl halides are often more readily access- 
ible than the corresponding bcnEilcfch3'de6. 

a-Ar3-lcinnamie acids arc prepared most readUy by the Perkin reac- 
tion, but good 3'idds of the esters can be obtained in the Claisen reaction. 
tt-Alkylcinnamic acids are obtmned readily by the Perkin reaction but 
Sometimes more conveniently by the Claisen or Reformatsky reaction. 
Another method of preparative value involves the condensation of ben* 

>” Dala »nd Dutt, J. Ind,an Chtm. . 9 . 309 (1932). C. A., 37. 279 (1933). 

*>» von Braun and NvUcs. Brr., 66, 1454 (1933). 
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zaldehj'de mth alkjd derivatives of acetone, and oxidation of the result- 
ing benzalacetoncs vritli sodium hj-pochlorite.”* 

CeHECHO-fCH-COCHj-^ CeHsCH=CCOCHj CeHsCH=CCO:H 

i i i 

Pi. Pi Pi 

This method has been used for a-n-propyl-, n-butyl-, and n-amyl-cin- 
namic acids. Benzalacetone itself gives cinnamic acid by In-pochlorite 
o.xidaiion, and a limited number of ring-sub,stituted cinnamic acids have 
been prepared by this method. 

The Doebner modification appear; to be the best general method for 
the preparation of ^aLk\-lacn'lic acids and can be usc-d to a limited 
extent for ^.8-dialkj'laciylic acids. The acids obtainc'd in this way are 
less likely to be contaminated with the isomeric ^,7-unsaturated acids. 

The Refonnatsky reaction is the onlj- one of the reactions that is .suited 
for the direct preparation of S.S-diaiylacrv'lic acids, as benzophenone and 
its derivatives will react with bromoacetic esters and zinc but will not 
take part in the Perkin or Claisen reaction. 


SELECTION OF ECTERTf^IENTAL CONDITIONS 

A number of studies have been made of factors influencing the jdelds in 
the Perkin reaction, but it is difficailt to draw an3- broad generalizations. 
In manj- of the preparations described in the literature the proportions 
of reactants and the general procedure have been essentialh' those used 
b3' Perkin: a ndxttue of two parts of the benzaldeh3'de with one part 
(by weight) of freshl3" fused sodium acetate and three parts (63- weight) 
of acetic anhydride is heated for about eight hours at 17.5-180’. These 
proportions correspond, in the case of benzaldeh3-de, to about 1..5 moles 
of acetic anh3'dride and 0.6.5 mole of sodium acetate. Met’er and Beer -- 
rexJorted that 2.1 moles of acetic anhx'dride and 0.7 mole sodium acetate 
per mole of aldehyde gave the best rKults for a group of substituted 
aldehydes. 

Recent work^ indicate that a slightly larger projwrtion of sodium 
acetate, about 1 mole instead of 0.6.5-0.7 mole, gives a small improve- 
ment in the 3'ields (-5—10%). Further increases in the amount of sodium 
acetate, up to 2 moles, have little effect, but beyond this point the yields 
fall off. There is generall5' but little advantage in using more than 1.5 
moles of acetic anh3-dride per mole of aldeh^-de: the use of 2 moles of 
anhv'diide increases the 3deld onlv- a small amount (1-3%), and a large 
excess is deleterious. The use of an indifferent solvent .such as toluene 

^ Ger. pat-, 21,1C2 (1SS2) (Frdl^ 1, see referei^ce 131, p- 243. 
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or nitrobenzene causes a marked drop in the jield and can impede the 
reaction completely. The addition of a small amount of pjTidine (8 
drops for 0.2 mole benzaldelo’de) raises the yield of cinnamic acid from 
50-00% to S0-S5%.« 

It is reported that tiio yieid of cinnamic acid U increased (using the 
proportions of Jlcj’cr and Beer) by prolonged heating at ISO®. The 
yields were as follows: heating two liours, 6%; four hours, 21%; sLx 
hours, 35%; eight hours, 45%; ten hours, 52%; fourteen hours, 01%; 
twenty-four hours, 72%; fifty hours, 70.5%; one hundred hours, 77%. 
Although the yields may be increased in this way with certain aldehydes, 
with others better yields arc obtained by shorter periods of heating and 
at lower temperatures. In general a penod of seven to eight hours’ heat- 
ing at 170-lSQ® is adequate when sodium acetate is used. A period of 
three to five hours’ heating at IJO-ICO® may be sufficient if potassium 
acetate is used, and better jdclds arc secured in this way with some alde- 
hydes. 

3fcycr and Ceor *' studied the induence of a series of metallic acetates 
on the yields of various cinnamic acids and obsen’ed that potassium ace- 
tate gai'e a definite improvement over sodium acetate (04% yield as 
against 4S%, with bcnzaldchydc). With o-chlorobenzaldehj’de and 
various metallic acetates, using 2 1 moles anhydride and 0 7 mole 
acetate (eight hours at 180*), the yields were: lithium, 68%; sodium, 
71%; potassium, 78%; rubidium, 82%; magnesium, 0%; calcium, 8%; 
barium, 3%; copper, 3%; lead, 70%; mercurj', 37%. 

Kalnin ** carried out an extensive study of various factors influencing 
the yields in tlie Perkin reaction.* lie found that tertiary amines cata- 
lyze the formation of cinnamic acid from bcnraldehyde and acetic 
anhydride, in fhe absence of metallic acetates, and that their actndfy 
increases with the basic strength of the amine. Likewise, there is an 
optimum ratio of amine to acid anhydride; with triethylamine this is 
about onc-third mole, but for weaker bases a larger proportion is re- 
quired. Bonza!dch 3 -de, acetic anhydride (1 mole), and triethylamine 
(0.33 mole), heatc<l at ISO® for eight hours, gave a 20% yield of cinnamic 
acid; the same amount of pjTidinc gave only 1% yield. These amines 
wore slightly more cJTcctive with propionic than with acetic anhydride. 

A mixture of bonz.'ildchyde (1 mole), phenjdacctic anhydride (0 5 mole), 
acetic anhj-dridc (4 moles), and pjiidine (2 moles) gave a 95% yield of 
a-phonylcinnamtc acid after five hours’ heating at 150°. 

Kalnin *» also found that metallic salts other than acetates can act as 
catalysts in the Perkin reaction The followup yields of cinnamic acid 
wore obtained using benz.aldchyde (I mole), acetic anhydride (1.5 

* Kalnin'* paper also incluiio* a «iir>ey and mbeal review of earlier work in the field. 



23S 


Tin: pr.iiKiN ui'actjon 


moles), and various metallic salts (0.l>a moliM-fjiiivalent), vrilii eiclit 
hours’ licating at ISO’. 


Potc.K-iura ai'ct.'',*e 



32% 

Po*.a,‘:-iurn r.vr1x)r.r4c 

o'jr'r 

Tripots.'-iuni pb'f'phrite 

207; 

S^xiiurti caritoTi.atc 

40% 

Potn-'-iani ‘•ilf'ic 


Sexiium .acc-tritc 

one 

/C 

PfUa- iurn fy.ar.M'' 

O'i 

Tri.-<yJium plio-phste 

ob ,c 

Potr.-.’um i'Kiile 

0 % 


Tlic eflect of the duration of licating fat ISO’) v.-.-l'' studiMj for thrf^s- of 
these catalysts, and the follovring yields ’.verc ohtaincsi. 



0.vi>Forr:Ti! Hocr. 

0;.r, Hock 

Forr. Ho' a= 

Eicirr Ilorr.s 

Pota^-diim carixina! 

e 34% 

4071 

52% 

5977 

Sodium cartjorinte 

3% 

147i 

27% 

4077 

Sodium acetate 

0% 

or- 
— « c 

2077 

3977 


Kalnins remits indicate that jwte-sium carixmate mriy lx- sulxtituteJ 
advantageously for sodium acetate but that it is not quite so effective as 
potassium acetate. 

Chappell investigated the dumtion of heating when potassium 
acetate Is used, and compared three aldehydes under similar conditions 
(1.0 moles anhydride and 0.0-3 mole potassium acetate, at ISO';. The 
following jnelds were obtained. 



Two IlocTJj 

Forn Homs 

Srr. Horr-s 

Etcirr Ilorr-s 

Benzaldehyde 

52% 

55%c 

5S% 

OT% 

.Anrsjldehyde 

30% 

35% 

30% 

20% 

Furfural 

50% 

49% 

40% 

25% 


A parallel .=erie.s of e.vperiments using ,=odium acetate showc-d that the 
juelds increa=ed steadih' up to eight hours’ heating. It is clear that the 
optimum condition-s with potas.sium acetate are likely to be quite dis- 
similar for different tj-pes of aldoh^'des. For furfural the most favorable 
results were obtained with four to five hours’ heating at 1.50’. or six to 
seven hours at 140’; when pota-ssium acetate was used the addition of 
pyridine did not improve the jneld. 

In the presence of the mo-St active acetates cinnamic acid is formed 
slowly at 100’; the following >-ields were obtained by boiling for one 
minute to dissolve the salt,* and then heating at 100’ for sbrteen hours 
potassium acetate, 2%; rubidium, 19%; cesium, 20%; letraethylam- 

* The soluhSitv o: the metriliic zeeisies in the renction nxixture is zn hnpoTt.ar.t izetor 
p-Ttd attnbates the resnlts of Mcfver and Be^rr, in j^ezrU to the solubilltv of certain 

of the salts, for gr.aTnp!e. lithhnn acetate. Kalnin's rate sredies Trith the sitaii carbonates 
ru-gfeSSt that these bases nentralire the aectfe acid formed dming the reaction and thereb? 
offcjat its retarding enect. 

^ Chapp^H, Thesis, Com^ Umv ersit y, 1533. 

” Johnson, Org. 20, oo (l&40j. 


SELECTION OF EXPERIMENTAL CONDITIONS 239 

moiuum, 18%; thalloiis, 14%;Iead,0%. Rubidium and cesium salts are 
too rare to be used for preparative purposes, but these results suggest 
that quaternary ammonium salts might be good catalysts under appro- 
priate conditions. 

Jlichael observed that free acetic acid has a retarding effect on the 
formation of cinnamic acid. This is readily understandable in terms of 
tl )0 current theory that the reaction involves enoUzathn of the anhy- 
dride, since acetic acid vould suppress the enolization. Ivalnin obtained 
the following yields of cinnamic acid when increasing amounts of glacial 
acetic acid wore added to the usual reaction mixtures and the reactions 
vere carried out at 180° for eight hours. 

Acetate Used Moles op Acetic Acid Added and Yields 

Potassium 72% 51% ^1% 6% 2% 

Sodium 30% 82% 17% — 1% 

The effect of acetic acid depends upon the degree of activity of the 
reacting components o-Chlorobenzaldehj'de reacts readUy uith a mix- 
ture of potassium acetate and gfacial acetic acid to give iwIiJorociniiamic 
acid in 70% j-ield; with a less reactive salt, sodium acetate, only half of 
the a]deh 3 'de undergoes re.*»c(ion and the yield w only’ 24%. With com- 
pounds having a veiy active methylene group (malonic acid, cyanoacetic 
acid, rhodanine,*®* hydantom,’** etc.), excellent yields of condensation 
products can be obtained in the presence of glacial acetic acid. 

The unfavorable effect of acetic acid is reduced in the customary 
procedures for the Perkin reaction by using an air-cooled condenser, and 
at the temperatures employed the acetic acid distils out of the reaction 
mixture. This means of overcoming the retarding effect of the acetic 
acid formed in the reaction is of considerable importance vilh bensalde- 
hyde and less rc.ictive aldehydes. It is quite likely that discrepancies in 
yields reported in the literature arc due in large measure to variations in 
the extent of removal of acctie acid. 

The effect of various factors on the reaction of phenylacetic acid (or 
anliydride) n ith o-nitrobcnzaldcbydc has been studied axhaustively by 
Ilak'unin and Pcccerillo^* They obtained the folloning yields of a-o- 
nitrophenylcinnamie acid when a standard reaction mixture (1 mole 
aldehyde, 1 mole phenylacetic acid, 3 moles acetic anhydnde, 1 mole 
metallic salt or organic base) was heated for twelve hours at 90°. 

Sodium acetate 6S% Tnmcthylamme 80% 

Sodium beneoate C0% Thethjlamiiie 03% 

roffis$iuni acetate 7D% Tripropylamine 0S% 

Ethanolamine 3% Tncrfeaijlamine 87% 

Pyndine 33% No salt or amine 0% 
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Thus, \\ith two ven* reactive components, the tertiar>' amines proved 
to be ven.' effective catalysts, whereas Kalnin found that triethylamine 
gives only a 29% yield of cinnamic acid with Irenzaldehyde and acetic 
anhydride. In another scries of e.\poriments, using phenylacetic anhy- 
dride, Bakunin and Peccerillo ” obtained the following fields. 


Rubidium .acetate 

SOTc 

PjTidine 

42% 

Potassium acetate 

7STc 

Trimethyiamine 

S5%c 

Sodium acetate 

72% 

Triethylamine 

87%, 

Lithium acetate 


Diethylamine 

s% 

Barium acetate 

27% 

Piperidine 

23% 

tVitbout any salt or 


.Aniline 

0% 

amine 

G% 

.Ammonia 

o%> 


These workers found that acetic anhydride can be replaced by propionic, 
butyric, or valeric anhydride, but benzoic anhydride gave low jields of 
o-nitrophemicinnamic acid. Inorganic dehydrating agents such as 
phosphorus pentoxide and anhydrous calcium eldoride were ineffective. 
Likewise, ethyl phenylacetate could not be substituted for phenylacetic 
acid (or anhydride). 

USE OF THE PEREIH REACUOK Et STHTHESIS 

The Perkin reaction and related condensations afford a means of trans- 
forming an aromatic aldehyde group into a variety* of .side chains. The 
corresponding reactions can be used only to a limited e.vtent with ali- 
phatic aldeh}'des (and a few ketones) but are nevertheless of some prepar- 
ative value in the aliphatic series. The tj-pes of compounds that will 
participate in these reactions have been reviewed in considering the 
scope of the reaction (pp. 217-233). The following brief summary' indi- 
cates the types of compounds that can be obtained directly by means of 
the Perkin reaction in its varied forms. 

ajp-TJnsaturated Acids 

RCH=CHC02H. d-Arylacrylic acids are prepared by the usual 
Perkin reaction, or by the Ehoevenagel and Doebner modifications using 
malonic acid. 1-Xaphthaldehydes, 2-furanaldehydes, and 2-thiophene- 
aldehyde may be used instead of benzaldehy'de. /3-Alkylaerylic acids 
can be prepared from aliphatic aldehydes and malonic acid, oreferably 
by the Doebner modification. 

B2C=CHC02H. ^.3-Diarylaciylic acids cannot be prepared by the 
Perkin reaction; the i3,S-dialkylacryIic acids can be obtained from dialkyl 
ketones and malonic acid, preferably by the Doebner modification. 
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RCH=CCO’H. a-Albj-l- and o-aij-l-cinnanuc acids arc prcpanxi 

I 

readily bv the Terkin reaction from benzaldchydcs and siibshtutcd 
acetic aci^. a-rmylcinnamic acids may also be prepared (see below). 


Other Unsaturated Acids 

RCH=CHCHoCO>H. r-Alkyl and y-axyl derivatives of \anyl.a«tic 
acid can be obtained by using sodium succinate a^ acetic .anhydr^e in 
the Perkin reaetion. Under mild conditions (120-) the '"'fnned.aW 
pamconic acids can be obtained (F.tt.g’a mod.ficat.on . 
luted derivatives arc obtained by using sodium methyl- or 
cinatc. It is reported that the Knocvenagcl ■«<>d'fi““»"’ "’'""Xj, " e 
acid and amines, otten gives mainly d.y-unsatutated acids ivlien nl.phatie 

“'rCH-CHCh!cHiCO.H. The reaction ot sodium glutarate intli 
benaaldeliydo gives ve^- low yields of y-benra butync acid (H = C.Hs . 
Sodium o-phenylglutarate reacts more satu.factoril} and gives y,J-d 

’’ MhIShCH-CHCOiH. Butadiene-l-earboxylic acid (R - Hi 
anfsmSf Sr - CiW - be pmpared from acmicin an~ 

aldehyde, respectively, "te obtained tmm ein- 

butadieno-1-carboxylic acid (K C-alls; i.. i,.. ♦»,« Vnoevcnaircl 

iiamaldehydo in the usual Perkin reaction, and also by the Ivnoet enagel 

,.A,kyiandi.arylderiva.ivesoi4-phenyI- 

I 

b„,adie„e-l-carl»5iic nci-l - P-P”"* tc»» 

" EraireHicH ^pSjlwmiicn'Sc'arboajl.e acid is obtained 

bycondeii“orbc„,a.dei.yde,^b»^^ 

of tricthylamiiic * The corresponding 3-mcthyi iiom t. 
“eCH-CChSS! "l^raaoLladlene-^umrbosylie acid, arc ol> 

taincl by';Snsing bcnialdcbydcs nith ibbenmipropiome acid.m 
«« TliUlo. »<»• '5* (KW-Schfnfk. /. J-nril. Ckem . li) 141, 2*) (»»»>• 
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Thus, %vith two very reactive components, the tertiary amines proved 
to lie verj-^ efTectivc catalysts, wlierca.s Kalnin found that triethylamine 
gives only a 29% yield of cinnamic acid with benzaldehyde and acetic 
anhydride. In another series of expeiiments, using phon 3 dacotic anhy- 
dride, Bakunin and Peccerillo obtained the following jdeld.s. 


Rubidium .scctato 

80% 

Pyridine 

42% 

Potassium acetate 

78% 

Trimcthylarnine 

85% 

Sodium acetate 

72% 

Tricthj’lamine 

87% 

Lithium acetate 

34% 

Dicthj'Iamine 

8% 

Barium acetate 

27% 

Piperidine 

23% 

tVithout any salt or 


Aniline 

0% 

amine 

6% 

Ammonia 

0% 


These workers found that acetic anhj’dride can be replaced bj' propionic, 
butyric, or valeric anh 3 ’'dride, but benzoic anhydride gave low 3 de]ds of 
o-nitrophcnylcinnamic acid. Inorganic deh 3 ’drating agents such as 
phosphorus pentoxidc and anh 3 "drous calcium chloride were ineffective. 
Likevisc, eth 3 d phen 3 dacetate could not be substituted for phenylacetic 
acid (or anh 3 'dride). 

USE OF THE PERKIN REACTION IN SYNTHESIS 

The Perkin reaction and related condensations afford a means of trans- 
forming an aromatic aldehyde group into a variety of side chains. The 
corresponding reactions can be used only to a limited extent \vith ali- 
phatic aldehydes (and a few ketones) but are nevertheless of some prepar- 
ative value in the aliphatic series. The t 3 T>es of compounds that will 
participate in these reactions have been reviewed in considering the 
scope of the reaction (pp. 217-233). The following brief summary indi- 
cates the types of compounds that can be obtained directly by means of 
the Perkin reaction in its varied forms. 

a,j3-Unsaturated Acids 

RCH=CHC02H. /3-Arylacrylic acids arc prepared b 3 ’^ the usual 
Perkin reaction, or by the Knoevenagel and Doebner modifications using 
malonic acid. 1-NaphthaIdehydes, 2-furanaldchydes, and 2-thiophene- 
aldehyde may be used instead of benzaldehyde. ;3-Alkylacrylic acids 
can be prepared from aliphatic aldehydes and malonic acid, preferably 
by the Doebner modification. 

B2C=CHC02H. /3,/3-Diarylacr3dic acids cannot be prepared by the 
Perkin reaction; the /3,(3-dialkylacrylic acids can be obtained from dialkyl 
^ketones and malonic acid, preferably by the Doebner modification. 
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— CCO 2 H. n-Alkj'l- and a-aiyl-cinnamic acids are prepared 
R 

readijj' by the Perkin reaction from bcnzsldehydes and substituted 
acetic acids. a-Vinylcinnamic acids may also be prepared (see below). 


Other Unsaturated Acids 

RCH=CHCH 2 COjH. vAitj’! and y-ai^d derivatives of liaylscctlc 
acid can be obtained by usdng sodium succinate and acetic anhydride in 
the Perkin reaction. Under mild conditions (120°) the intermediate 
paraconic acids can be obtmned (Fitt^s modification). ^.v-Disubsti- 
tuted derivatives are obtained by using sodium methyl- or phenyl-suc- 
cinate. It is reported that the Ivnoevenagel modification, using malonic 
acid and amines, often gives mainly /3,Y-unsaturated acids when aliphatic 
aldehydes are used.” 

RCH-bCHCHjCHsCOjH. The reaction of sodium glutarate with 
benzaldeliyde gives verj' low jaelds of r-benralbutyrie acid (R = Cglls). 
Sodium a-phcnj-lglutarate reacts more salbfactorily and gives 7 , 8 >di- 
phenyl-vpentenoic acid. 

RCH^CHCH^CRCO^H. Butadiene-l-earbos>’Iic acid (R ™ H) 
and sorbic acid (R = CII3) can be prepared from acrolein and croton- 
aldebydo, respecti%‘ely, using the Doebnor modification. 4-Phenj’i- 
butadiene-l-carboxylic acid (R » CsHg) can be obtained from em- 
namaldehyde in the usual Perkin reaction, and also by the Knocvcnagel 
or Doebner modification. 

RCH=CHCH=CCO'’H. 1-AJkyl and l-ao’l denvntivos of 4-phcnyl- 

I 

R' 

bufadieno-l-c.irboxj’iic acid arc prepared from cinnamaldcijydc and sub- 
stituted acetic acids in tlic usual Perkin reaction 

RCH=CCH=CH". l-PhenyIbutadjene-2-carboxj-lic acid is obtained 

i 

CO 2 H 

by condensation of bcnzaldchydc with crotonic anhydride in the presence 
of tricthylamine.’® Tlic correspondmg 3-methyI homolog is obtained by 
Using ^mcthylcrotonic anhydride * 

RCH=CCH=CHR. l,4-Diatylbutadicnc-2K:arboxj-lic acids are ob- 

1 

CO>H 

tained by condensing bcnzaldchj-dcs with ^-bcnzalpropionic acid.'** 


*” Thi»)o. SM. JM (IS«" Pcheitk. J. pro*». CAfn., t:) 1*1. (mi). 
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RCH=CHC=CHCH=CHR. A small amount of 1 , 6 -diphenylhexa- 


COoH 

iriene-3-carboxylic acid is formed by condensing cinnamaldebyde 
sodium /S-benzalj)ropiona(e and acetic anhydride under mild condi- 
tions,^-’ but this does not appear to be a satisfactoi^' preparative method. 


Cyclic Compounds 


RCH CH— COjH 

1 1 

0 CH- 

\ / 

CO 


-y-Alkj'l-and 7 -aiyl-paraconic acids are obtained 
by warming aliphatic and aromatic aldehydes 
with sodium succinate and acetic anhydride at 
100-125° (Fittig’s sj-nthesis). At higher tem- 
peratures, or on heating the paraconic acids. 


j 8 , 7 -unsaturated acids and 7 -butj'rolactones are formed. 

CHR Phthalylacetic acid (E, = CO 2 H) is prepared 

O il from phthalic anhydride, potassium acetate, 

and acetic anhj-dride. Wuth phenylacetic acid 
C and others, at higher temperatures, decarbo.y\'l- 

H ation occurs and bcnzalphthalide (R = CeHsi 

etc.) is formed. Disubstituted compoimds can 
be obtained from phthalic anhj-dride and disubstituted acetic acids. 



CH 

/ 


Coumarin and ring-substituted coumarins can 
be prepared bj- heating salicylxildehj'des with 
acetic anhydride and sodium acetate. a-AIkj’I 
and a-aiyl coumarins are obtained from substi- 
tuted acetic acids. Certain a.jS-disubstituted 
coumarms can be prepared from o-hydrox 3 ' aryl ketones.’^’* 


\ / 
0 


CH 

I 

CO 


RCH=C- 

1 

S 


\ / 
cs 


-CO 

I 

XH 


5-Benzalrhodanine and related compounds can 
be prepared bj- reaction of benzaldeh 3 'de and 
its derivatives with rhodanine. 3-Substituted 
rhodanines maj- also be used. 


ECH=C 


X 0 

% / 
C 


R' 


5-BenzaI derivatives of 4-oxazolone (aziactones) 
are prepared from benzaldehj-des and hippuric 
acid (R' = CeHs). Other acyl derivatives of 
gh-cine give similar compounds (R' = CH 3 , 
CH 2 C 2 H 5 , etc.). 


KneU, Dissertation, Manieh (1902) ; reported by Smedley, J. Chem. Soc., 93, 3T3 
(190S), and by Knhn and Winterstein, reference 46, p. 220. 

*=< BargeUini, Garz. chim. Hal., 41. 1, 737 (1911) ; Atti accad. Lincei [6] 2, 17S, 261 (1925) 
C. A., 20, 595 (1926). 

Flj-im and Bobertson, J. Chem. Soc., 215 (1936). 
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RCH=C CO 

I I 

R'N NH 

\ / 

CO 
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5-Benial derivatives of hj'dantom (R' = H), 
2 -thiohydantoiii, creatinine, and a number of 
similar compounds can be prepared from ben- 
zaldehyde and the appropriate derivatives of 
glycine. 

Indirect Syntireses 

The products obtsined directly in the Perkin reaction and its various 
ramifications often serve as intermediates for the preparation of other 
types of compounds. The follotving paragraphs ore mtendrf merely to 
indicate in a brief nay the essential operations mvolved in ts'pical 
syntheses that have some preparative value. For eonven, cnee the types 
are listrd for aryl compounds (nl.cre the starting matenal Mould usually 
be beuaaldcliydc). In many instances the reactioiu used are applicable 
also to compounds nith other organic radicals (E - alkjl, imjl or 

aal .-alkylstyrene, can be obtaW by the 
thermal decarbovylation of the 

general method that can be applied to alkyl and » 

niylio acid consists in adding hydrobremic acid <” !» 

W temperature, and treating the lesutlmg frhaloaeid m ith sodium 

d-Bromoslj-renes are obtain^ heating the dibro- 
mide of the corresponding cinnamic aeid «atb sodium earbonato solu- 
or Mth potassium (or sodium) acetate. 

ECH=CHCO.H ECHBrCHllrCO.n ^ ECU-CIIBr+CO. 

^Br„Terer„tS ^ky.ae,ylio add,, preferably by 

deMmh— 

thelrrcsponlig bromestyrencs or 1 -bromoolerins, obtained ns dc 

.»Abl,.ll.adJobs«..Or, I'.!, I. «0 (1032). 

™ COT (ism; , s.™». a.— < s. 3=0 «o»i ■ 

D912). Ana-aMOonl nrr ii'-" Johmon, "Latoftory Eip»rimcnta 

'"Straus. Bpr.. 41. .S.S (19OT). Ve« York. Hurd edition (IWO). p- 309. 

in Orgsme Chemistry.” The M«rmlt,B Co. New k«k. eo 

III?. • J rt a.rtann J tm. C^f** See- 84. 337 U9J. I. n. a I'SI 

•« “n / Xm «;m. tc.. 85. 4279 (1933) : K»mU .nd Bnehoran. .hut. 87. I2?l 

(1935). 
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aiylpropiolic ester by h^'dration with cold sulfuric acid,^’^ or by addirion 
of a secondary amine and subsequent- hydrolysis of the ^-dialkylainino- 
cinnamic ester 4^^ 

o-E.CH2C0C5HiC02H. Acetophenone-o-carbosj'lic acid (R = H) 
and cj-substituted derivatives (R = CgHs, etc.) can be obtained hy 
hydrolj'sLs of phthah'lacetic acids or benzalphthalides, produced by 
interaction of phthalic anhydride and acetic anhydride, phen 5 'lacetic 
acid, etc. (see p. 22-3). 

RCH-jCHCOaH. Substituted alanines can be obtained from the cor- 
'1 

im2 

responding azlactones by reduction (or catalytic hydrogenation) and 
hydrolysis of the resulting saturated acylamino derivative (see p. 2-31). 
The details of the procedure ma 5 ' be varied according to the nature Oi 
the groups present, and this seri^ of transformations has been used lor 
a variety' of substituted alanines. 

The condensation products from aldehyde and rhodanine may be 
used in a similar waj' to obtain substituted alanines.®’ 

RCHCH 2 CO 2 H. Derivatives of S-alanine mav be obtained by the 

1 

NH2 

action of an excess of hydroxylamine on substituted acryUc acids, or 
their esters.**^ If a large excess of a mm onia or methylamine is used in 
the Rnoevenagel modification, ^aryl-3-aminopropionic acids may be 
formed in considerable amoimt along with the ^-arjdacrjiic acid.®* 
RCH 2 CH 2 CH 2 NH 2 . '/--Substituted propylamines can be obtained by 
reduction or catalj-tic hj'drogenation of ^-substituted acndonitriles 
(RCH=CHCN), obtained from aldehj-des and cj'anoacetic acid as out- 
lined above. 


RCH 2 CH 2 CH 2 CO 2 H. '/-Substituted butyric acids can be obtained bj" 
h 3 'drogenation of the ^,'/-unsaturated acids obtained bj' Fittig"s para- 
conic acid synthesis. 



Derivatives of cinnamic acid have been of great 
value ior the synthesis of a number of poiyc 3 'cIic 
systems. In 1S9S Pschoir developed a verj' gen- 
eral method for the sj-nthssis of phenanthrene and 
its derivatives, and this has found wide application 


vti 45, 174 (iS-?4)- 

Mo’irvj asd BuH. t--c. e-.fn., [3] 33, 1191 (1900;. 

Po?:!'-;. Bcr.. 35. 43C>3 (1903j; 3S. 2320 noOoj ; ar.r... ass” 33 fI9I2), 

'«Pf*orT co:isioT 2 tOT», n'T..29.490 (IS99;:33. IS2, ITC. ISIO, 1S2'5, 1V29 (I900r. 
W tiYjS U901) ; 35. 4499, 4412 (.lW2n 39, 3105 (19>5; ; Ar.r^ 391, 40 (1912 *, and other 
wn. I'-Jt an cajea-tA Ft.-.-c 9 - cf PKhcrra syatSedj re'e.-sr.ae 149. 
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in studies of morphine derivati^Tra, careuiogenic hydrocarbons, efc.*'** 
The essential features of Rchoir’s synthesis are illustrated by the 
method used to prepare pheuanthrene-S-carboxylic acid. (sNitroben- 
zaldehyde was condensed with sodium phenylacetate to give a-phenyl- 
2-nitrocinnamic acid; this was reduced to the corresponding amino acid 
(I. 77% yield), which was diazotized and treated with copper powder, as 
catalyst, to effect ring cI<Kure to phenanthrene-Q-carboxylio acid (II, 
03% yield). Tba latter gave phenanthrene upon decarboxylation (64% 
yield). 



A similar series of reactions starting from o-nitrobenzaldehyde and 
sodium a-naphthylacetate leads to chiy'senc-S-carboxylic acid (111),“® 
which yields chrysene on decarboxylation. ^VbeQ o-nitrobenzaldehyde 



a: IV y COjH 


and sodium ^-naphthylacetate are used as starting materials, the sub- 
sequent ring closure takes place at tlie I- or 3-position of the naphthalene 
ring leading respectively to 3,4-bcnzo-l-phenanthroic acid (IV, 40%) 
and 1,2-benz^-anthroic acid (V, 00%).*“ The first synthesis of 1,2,5,6- 
dibenzanthracene was accomplished to' m^ns of the Pschorr synthesis 
starting from the acid obtained by a double condensation of 1,4-benzene- 
diacetic acid with two moles of o-nitrobenzaldehyde.*** 

**’ Fiescr, "The Chemistry ot Natural Products Related to rhenanthrene," second 
edition. Reinhold Publishing Corporation. New York (1937>. pp 2S-31. 06-98, 343. 
WeitienbSck and Jjeh, .VnnotoA . S3, 557 (1912) 

"* Coot. J. CAcm. Sm , 2524 (1031) Eaiiier irorkere miBtoo)c 1,2-benianthracene for 

3, 4.beniophenanthrenc, see W’eiUenbOck and Lieb. reference 150. and Mayer and Oppen- 

heimer, Ber., 51, 513 (1918). 

*** Weitienbock and Klinger, ATffnoti*-. SS. 315 (1918' 
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Fcribwl above, by dcbydrolinlopenalion with holid [jola^^^itirn liydroxide,'^ 
alcoholic alkalic5,'=’ or jircfernbly vilh WKliuin amide.''"' Alkyl dr-riva- 
tive.s of idicnylacetylenc ina\' be prepared from the corn-simnding 
/3-alky!-/3-bromo.'{yrcne.-’,'" or In" alkylation of phenylacetylene with alkyl 
sulfates or tolucnesulforiab*.'^.'"^ 

RCHoCHO. AiA’liicetaldehydes m:iy be prepare*! by addition of 
hypochlorous acid to cinnamic aoiil, an*! heating the a-ehloro-,5-h\"droxy 
acid with so<lium hydroxide or carbonate solution."''' 

RCII=CIICO:H --^^>IlCH011CIfClC0;II— — ^ RCII:CH=0 

A more refined method consist.^ in treating the acrylic amide.-' with 
hypochlorite in the presence of methanol, and hydroly.-i.s of the resulting 
vinyl urethane with dilute acid. 

SiOci nort 

RCn=CHC0Nn2 ,> RC1I=CIINHC0:CII: 

cuioii titso, 

RCH;CII=0 -r XHj, etc. 

This procedure, due to Weerman,"' ha.« permitted the sj-ntho-is of sev- 
eral difficultly acce.«.«iblc aldehydes.'-’ 

RCH2CH=N0H. Substituted acetaldehydes may also be obtained 
via the acctaldoxune.s, which can lie prepared in e.xccllent yicld.s from 
benzalrhodanines, etc. (see p. 2^40).”' 

RCH2CO2H. Substituted acetic acid.« may be obtained by pcro.xidc 
ojddation of the .substituted pyrunc acids, which are secured by waj" of 
the azlactone sj’nthcsis (sec p. 230). They are abo obtained in good yields 
from the .substituted acctaldoximes, by dehydration to the nitriles, 
RCH2C=X, and sub,scqucnt hydroljxsis (.sec p. 230). 

RCH2CSN. These may be prepared in good \"iclds by dehydration 
of the corrasponding substituted aldo.ximc.s (.=ec preceding paragraph). 

RCH2CH2NH2. ^-Substituted cthj'lamines maj' be obtained by reduc- 
tion or by catal3"tic hj-drogenation of RCH2CH=XOH, RCHoCN, or 
RCH==CHXHC02CH3 (sec under RCH2CHO). 

RCH2CH2CO2H. ^-Substituted propionic acids are prepared readil}' 
from the corresponding acrylic acids b3' reduction with sodium amalgam, 
b3" electrol3'tic reduction,"’ or b3' catah’tic h3"drogenation. 

Hesslcr, Org. SimActct CoU. Yoh, I. 42S (1932). 

Bourguel, Ann. Mm., [10] 3, 225 (1925) ; Org. Si/ntf.ctc$ CoU. YcL. 1. 1S5 (1932). 
Tnichet, Ann. Oiim., [10] 16, 309 (1931) ; Johnson, Schivsrtz, and Jacobs, J. Am. 
Cficm. Roc., 60, 1SS2 (193S). 

Ericnmeyer and Lipp, Ann., 219, 1S2 (1S.S3); Forrer, Ber., 11, 9S2 (1S7S). 
Weerman, Ann., 401, 1 (1913) ; Rce. traz. etdm., 29, IS (1910) ; 37, 1 (1917). 

Pdnies, Rec. traz. Mm., 39, 200, 701 (1920) ; 45, S19 (1926) ; 46, 26S (1927) ; 48, 960 
(1929). 

IngersoU, Org. SynOietct Coll. YoL, I, 304 (1932). 
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RCH 2 CHCO 2 H. a,0-Disubstitutcd propionic acidj k. • 

I obtainod bv 

R' 

reduction of the corresponding acrylic acids. 

RCHCH 2 CO 2 H. fl./3-Disubstitutcd propionic acid 

™ «n be pteparpj 

by addition of aromatic hydrocarbons to cinnamic ‘d 
of sulfuric acid/** or preferably aluminum chloride P''‘^ncc 

undergo 1,4-addition to a,^-unsatu^ated esters to • ^Mgents 

/3,/3-disubstituted propionic acids.*** '^'^rivatives of 

RCH=CHCN. /3-Substituted acrjlomtriles can b*. 
boxylation of the o-cyanoacrydic acids, obtained b^^'^Vdeear- 
cyanoacctic acid ndth aldehydes. The o-aryl deriv r of 

lonitriles can be obtained directly by condensatinn r” '^D•Iacr^'. 
u ith aromatic aldehydes. ®f benzj-i cyan? t ' 

RCsCCOaH. Substitute propiolic acids may b* 
drohalogenation of the dibromides of th^ by dob 

esters.*** ^’’^adiijg «.• „ 

RCir—CHCOiCjHs — » RCHBrCHBrCOjCdl; 

The free acid is not used as this would favor 

0 -bromostyrene, which is formed as an accessor to t. . 

esters are used. 

RCH 2 COCO 3 H. ^Substituted pj-ruvic acid* 
yields by hydrolj'sis of the corresponding arW, • 

acids *« (see p. 253). The corresponding JJ:- ” or ^ood 
obtained by hydrolysis of the condensation 

daninc and aromatic aldehydes (see p 230). formp . J 'an be 

T>r'r»r‘xT-m,C«S« Bensovlacctic i-br,. 


obtained by hydrolysis ot tne condensation « 
daninc and aromatic aldehydes (see p 230). lOrm^ . UQ 

RCOCH2CO2C2H5 Benroylacetic ester can h> 
of bromine to ethylcinnamate, dchydrobalogenM *’'^P»fed bv 
tions to o-bromocinnamic acid, and treatment of '“ider 
cold concentrated sulfunc acid.*** % mud condi- 

Kon ° '3ter ■ivith 

CelljCIIBrCBBrCOjCjlU 


..^0, 


The aroylacetic esters can also be obtai^^ 




'‘Cocn.c 

'^'•'responding 


>« Uebermonn and Hartmann, Bcr.. 15. 9C0. 2Ui ,, ® the 

»• Wi^^Tus and Eble, Brr.. BC. 553 (1917). <>S93) 

>« Kohler and Ileritaee. -I"- • **• 2> OSosi 

l« Abtott Synth.».. ». 60 0*32) = •« aba 

T.,Kerm^na^ ”• ttS91). 

..d d™™. d.-- ■=» o*s®. v,„, 
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arj'lpropiolic ester by hydration ■with cold sulfuric acid/^^ or by addition 
of a secondarj' amine and subsequent hydrolj'sis of the /3-dialk3'lainino- 
cinnamic ester.”*' 

0-RCH2COCCH4CO2H. Acctophenono-iJ-carboxylic acid (R = H) 
and c.>-substitutcd derivatives (R = CoHs, etc.) can be obtained bj' 
hj’drolysis of phthalylacctic acids or benzalphthalides, produced bj' 
interaction of phthalic anhydride and acetic anhj’dridc, phenjdacetic 
acid, etc. (see p. 223 ). 

RCH2CHCO2H. Substituted alanines can be obtained from the cor- 

I 

HH2 

responding azlactonas bj' reduction (or cataljdic h\'drogenation) and 
hj'drolj'sis of the resulting saturated acylamino derivative (see p. 231 ). 
The details of the procedure maj' be varied according to the nature of 
the groups present, and this scries of transformations has been used for 
a varietj' of substituted alanines. 

The condensation products from aldehj’de.? and rhodanine may he 
used in a similar wa}' to obtain substituted alanines.®’ 

RCHCH2CO2H. Derivatives of j8-alanine mav be obtained by the 

! 

NH2 

action of an excess of hj'droxjdamine on substituted acr}dic acids, or 
their esters.'” If a large excess of ammonia or methylamine is used in 
the Ivnoevenagel modification, /S-ar^d-zS-aminopropionic acids may be 
formed in considerable amount along with the ^-aiydacrj'Uc acid.®* 

RCH2CH2CH2NH2. 7-vSubstituted propjdamines can be obtained b}’’ 
reduction or catah-tic hj-drogenation of ^-substituted acrv'lonitriles 
(R.CH==CHCN), obtained from aldehj'des and cj'anoacetic acid as out- 
lined above. 


RCH2CH2CH2CO2H. 7-Substituted but3Tic acids can be obtained b3' 
h3'drogenation of the j3,7-unsaturated acids obtained b3’- Fittig’s para- 
conic acid S3Tithesi3. 



Derivatives of cinnamic acid have been of great 
value for the .s 3 Tithesis of a number of poR'cyclic 
systems. In 1898 Pschorr developed a very gen- 
eral method for the S3Tithesis of phenanthrene and 
its derivatives, and this has found •wide application 


PerHii, J. Chem. Soc., 45, 174 (1884). 

Moureu and I^izennec, Bull. soc. chim., [3] 35, 1191 (1906). 

Po5ner, Bee., 36, 4309 (1903) ; 38, 2320 (1905) ; Ann., 389, 33 (1912). 

Pschorr and collaborators, Ber., 29 , 496 (1S96) ; 33, 162, 176, 1810, 1826, 1829 (1900) ; 
34, 3998 (1901) ; 35, 4400, 4412 (1902) ; 39, 3106 (1906) ; Ann., 391, 40 (1912), and other 
papers. For an excellent survey of PEchorr'a synthesis see Fieser, reference 149. 
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in studies of morphine deriratn'es, carcinogenic hydrocarbons, etc.'^® 
The essential features of ftchorr’s sjTithcsis arc illustrated by the 
method used to prepare iAeaanthrene-9-carboxyIio acid. a-Nitroben- 
zaldchyde was condenswl with sodium phenylacetate to give a-phenyl- 
2-nitrocinnainic acid; this was reduced to the corresponding amino acid 
(f I 77% yield), ^ hich was diazotizcd and treated with copper powder, as 
catalyst, to effect ring closure to phensnthrene-9-carboxyJic acid (II, 
93% yield). The latter gave phenanthrene upon decarbo-'^lation (Gri% 
jneld). 





A similar scries of reactions starting from a-nitrobenzaldehydc and 
sodium o-naphthylacctate leads to chryscito-S’Carboxylh acid (HI),*” 
which yields chrysene on decarboxylation 'IVben o-nitrobenzaldehyde 



IT T COlU 


and sodium ^-naphthylacctalc are used as starting materials, the sub- 
sequent ring closure takes place at the 1- or 3-position of the naphthalene 
ring leading respectively to 3,4-l»cn*o-l-pheaanthroic acid (IV, 40%) 
and 1,2-bcnz-I-anthroic acid (V, 60%).*** The firet sjTithesis of 1,2,5,6- 
dibenzanthracene was accomplished by means of the Pschorr sj-nthesis 
starting from the acid obtmned by a double condensation of 1,-l-benzcne* 
diacetic acid with two moles of o-nitrobenzaldehyde.'^ 

‘'•Fic9er, "Tho Chemistiy of Natnrtl ftoducts Briafed to Phenanthrene.” eeeond 
edition. Reinhold Publishing Coeporatioo, New York (1337). pp 2S-31, e&-0S, 343. 

WeitzenbSck and Lieb, S3, 5ST (1913). 

*“ Cook, J. Chtm. Soc., 3524 (1931). Earlier workers mistook I.2-benianthracene for 
3.4-beniophenanthrene. see WeitsenbSck and Licb, reference ISO, and Mayer and Oppen 
heimer, Ber . 81, 513 (1018). 

”* WeiUenbdek and Klinger, l/onatsA.. 39. 315 (191S) 
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The biniolccular reduction of methyl cinnamatc by means of amal- 
gamated aluminum leads to methyl )S,.d'-diphenyladipate {mcso and 
racemic forms). 

M_n. CtHs— CH— CHr-CO:CHj 
2CsHr-CH=CH— COjCHs i 

CellE— ClI— CH;— COiCHs 

Although low yields are obtained in this reduction, it has seia'ed as a 
source of S.S'-diphenyladipic acid, which has been used for the sjTithesis 
of chrj'sene derivatives and of chrysene itself.*^ 


LABORATORT PROCEDURES 
Cinnamic Acid 

Using Acetic Anhydride and Potassium Acetate.* A mi-vture of 21 
g. (0.2 mole) of freshly distilled benzaldehyde, 30 g. (0.3 mole) of 959o 
acetic anhydride, and 12 g. (0.12 mole) of freshly fused potassium acetate 
is refluxed in an oil bath at 170-175° continuously for five hours, using 
an air-cooled condenser. 

The hot reaction mixture is poured into about 1200 cc. of warm water, 
part of which is used to rinse the reaction flask, and unchanged ben- 
zaldehyde is removed by steam distillation. The residual liquid is cooled 
slightly, 3-4 g. of decolorizing carbon is added, and the mixture is boiled 
gently for five to ten minutes. The liquid is filtered rapidly through a 
fluted filter paper; the clear filtrate is heated to boiling, 12-14 cc. of 
concentrated hydrochloric acid is added carefully, and the hot solution 
is cooled rapidly with good stirring. After the cinnamic acid has crystal- 
lized completely the crystals are filtered with suction, washed with sev- 
eral small portions of water, and dried. The acid obtained in this waj' 
melts at 131.5-132° and is pure enough for most purposes. The yield 
is 1&-18 g. (55-607c)- 

Using Malonic Acid and a Pyridine Base.“" A mixture of 10.6 g. 
benzaldehyde (0.1 mole), 10.4 g. malonic acid (0.1 mole), and 9.3 g. 
£z-picoline (0.1 mole) is heated for three to four hours in a water bath at 
70°. At the end of this period evolution of carbon dioxide has ceased, 
and the reaction mixture is then treated with 500 cc. of water and 2-5 cc. 
of concentrated hydrochloric acid. Unchanged benzaldehyde is removed 
by steam distillation, and the cinnamic acid is isolated as described in 

* The of po f as s ma acetate over sodiura acetate is that a shorter period of 

heatirtg is reemired to obt:^ comparable yields- 

^ voa Bratin and Irmisch, 64, 2461 (1931) ; see also Eobinsoa and collabonaiors, 
J, Ct^nu 607 (1933) ; 1412, 1414 (1935). 
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the preceding paragraph. Theproductmelts at 131.5-132.5° and weighs 
S-S.5g. (51-57%). Substituted bcnzaldehydcs usually give higher jnelds 

(S(>-957c) in this reaction. 

jhMethffTy pnnanii c Acid 

A solution oi 13.0 g. (0.1 mole) of anmldeliydo and 12 6 g. (012 moW 
of malonic acid in a small quantity of 9o% ethyl almhol is treated ii ith 
21 g. of an S7o solution of ammonia (0.1 mole) in 95% 1 

the mbiturc is heated on a steam batlu After the alcohol has distilW, 
the oily residue ia heated on a i-igorously boding water bath until er elu- 
tion of carbon dioxide has ceased and the multure becomes solid (about 

*"The°p”oduct is treated niU. warm water and disolved by the additon 
of a minimum amount of sodium carbonate. e “ through a 
few minutes with 1-2 g. of decolorising eha^al and 
fluted paper. The warm filtmto b poured “ 'acid hM 

cold 20% sulfuric acid TiStlTwat^ed irith several 

crj*stallizcd completely it is collected wi ..... • 

sS.ll portions of cold water, and dried. The yield is 8-9 g. (45-50%), 
and the product melts at 16G-1CS°. 

P-PiperonylserjUc Acid (3,4-Meth,l.=edio^flo"“‘‘' Acid) 

m-l mole). CO e. of malonic acid (0.670 
Portj-five grains of P'I»~"”'2”„'';rpiperidine ore placed in a 
mole), 120 cc. of dry pjri , reflux condenser and calcium 

300-ee. round-bottomed tok bath. The solution, 

elilonde tube, and heated for ooo ^ 

which at the end of that tune is e » .dditional hour on the 

lor twenty minutes (or e„led and poured with stir- 

steam bath). The eontenta of «>« hydreehloric acid and 300 g. 

nngmloami.xturcoll.Scc.otco s„c,io„, then washed 

of chopped ice. TIic precipit.a twice with 25-cc. portions 

once .?th 25 cc. of 10% ). and^vcigh. 

g.- (stoS " ■>”“ " 0-"“'’“' 

acid is 233° (cor.). j a cood conversion of the 

- -"<■ - - 

aldehyde. A ” 6re„lcstho5neld was 75%, and with 1 mole it 

“^'^Thc Dolibncr modiT, cation b used generally for the less 
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common aldehydes, where a good yield is important, and also for alde- 
hydes that do not give good yields in the usual Perkin reaction. 

The presence of water in the reagents causes a marked lowering of the 
yields. Pyridine should be dried thorouglily over solid caustic and 
redistilled; higher-boiling pj'ridine bases (boiling up to 1G5°) give as 
good yields as pyridine, when dried thoroughly and distilled. WTien 
higher bases are used the reaction mixture is heated for two hours on the 
steam bath instead of one hour followed by twenty minutes’ boiling. 

This general procedure is essentially that described in the literature 
for several alkoxj^benzaldehydes.*®'*’ By the directions given above, 
4-methoxy- and 3,4-diraethoxy-benzaldehyde furnish p-anisyl- and 
veratryl-acrj'lic acids, respectively, in 80% yields. p-Dimethylamino- 
benzaldehyde is reported to give the corresponding cinnamic acid in 
80% yield by a similar procedure.’^ 


3-Methoxy-4-Hydroxycinnamic Acid (Ferulic Acid) 

A solution of 15.2 g. (0.1 mole) of vanillin, 23 g. (0.22 mole) of malonic 
acid, and 1 g. (1.2 cc., 0.012 mole) of piperidine in 50 cc. of dry pyridine 
is allowed to stand at room temperature for three weeks. During this 
time the reaction mixture is protected by a soda-lime tube but must 
not be corked as carbon dioxide is evolved; a Bunsen valve may be used. 

The reaction mixture is poured with stirring into a mixture of 60 cc. of 
concentrated hydrochloric acid and 100 g. of chopped ice. The acid 
precipitates at once, and after standing until separation is complete it is 
filtered with suction. The product is washed vath 10 cc. of 5% hydro- 
chloric acid, followed by two 10-cc. portions of water, and then dried. 
The jield of ferulic acid, m.p. 173° (cor.), is 14-17 g. (70-85%). 

This procedure is an adaptation of the Doebner modification developed 
by Vorsatz and is particularly advantageous for preparing cinnamic 
acids having a free phenolic group. These compounds give low yields at 
100° in the Doebner procedure, presumably owing to the ease of decar- 
boxylation of the hydroxyciimamic acids. 

The foUoving yields were reported by Vorsatz with other substituted 
benzaldehydes, with the same proportions of aldehyde and malonic acid; 
2,4-dihydroxj''cmnamic acid (caffeic acid), using 1.4 g. aniline instead of 
piperidine, allowing to stand OA'emight, and then wanning at 50-55° 
until evolution of carbon dioxide was essentially complete (about three 
hours), in 87% yield; 3,4-methylenedioxj'’cinnamic acid (piperonylacry- 
lic acid), using piperidine and standing four weeks at room temperature, 

Cain, Simonsen, and Smith, J. Chcm. Soc., 53, 1035 (1913). 

Haworth, Perkin, and Rankin, J. Chem. Soc., 125, 1693 (1924). 



o-jjmn'LCi.vNAXiic acid 2Ji 

in 83% yield nftcr m?n-sfnIlization from 75% alcohol; 3,4-dihydroxy- 
cotjm.'irin-n-carlJO'cjdic add (d.iphnctm-3-carI»o\j'lic acid), udng aniline 
or pyrijJinc and f arming for tn-ent}' hours at 37®, in 83% yield. 

If a Large c\ees.«5 of ammonia (fiO moloa) or mothylamine is used in this 
reaction a mixture of the 0>aminopropionic and aciylic acids is formed.** 

a'Methytcinnamic Acid * 

A mixture of 21 g. (0.2 mole) of frcs'hly distilled bonzaldcljyde, 32 g, 
(0.25 mole) of propionic anhy<lride, and 20 g. (0.2 mole) of fused sodium 
propionate Is heated with occasional shaking for thirty hours in an oil 
hatli at 13(1-135®. Tlic warm mixture is poured into about 500 cc. of 
wafer, Ffinxxl fhoroughli', arwl rcutrahred b}* (he addition of sodium 
carbonate solution. After removal of unchanged bcnmldchyde by 
steam dUlillalion (or ether extraction), the solution is warmed with 3-4 
g. of decolorizing carl>on and filtered while hot. The warm filtrate is 
pourtsl slowly, with stirring, into an excels of concentrated hydrochloric 
ackl mixed with chopfiod fee. Af<cc the acid fm eo-staWired conipfctciy 
H Is roDerlod with suction, iva«bwJ with sci-eral portions of water, and 
dried. Tlie crude product, amounting to 21-25 g., is rccrystallized from 
ligroin and gives 19-23 g. (00-70% yield) of purified material. 

Tlie acid obtained in this way may melt at 81* or 74®, as o-mcthyl- 
cinnaniic acid exists in two flifforent rfj'stalJine forms Poth forms )iave 
the same configuration (Irani Calls' COjII) and give the same ester. 
Oocfusionally a mixture of tlie two trans forms is obtained which melts at 
77-78®. The true geometrical isomer, a//o-«-mcthylcinnamic acid (cw 
CflIIs: COjII), melts at 91® and can be obtained by long exposure of the 
ordinarj' acid to ultra-violet light- 

Very httJo cinmiinic acid is formed in this reaction when sodium ace- 
tate is used a.s catalyst. Although some acetic anhydride is formed by 
the anhydride-salt exchange, the concentration is low and its rate of 
reaction at 135® ii mucii less tfian that of propiomc aniiydnde. At 
higher temperatures more cinnamic acid is formed (p. 213). 

Tlie procedure given is essentially that of Edeleano; '** a-methylcin- 
namic acid has al«o been prepared using propionic anliydride and sodium 
propionate,* or acetic anhydride and sodium propionate at 100®,'* and 
hy heating honzal chloride with sodium propionate at 150® (Erd- 
mann '**). 

Kdcleancp, lirr,. 20, 017 0 887), * 0 © ebo Rupe and Busolt, Ann., S69. 320 (1909) 
Frilmann, Ann , 227, 248 0885). 
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a-Phen 5 ’lcinnxuiiic Acid 

In a 200-cc. round-bottomed flask. 17.-i p. (0.10 mole) of drj' potas.sium 
phenylacetatc, 5 p. of diy- pota.«,'ium carl>onatc (0.035 mole), 0.5 cc. 
pyridine, lO.G g. (0.10 mode) freshly distilled benzaldeliyde, and 15.3 g. 
(0.15 mole) freshly distilled acetic anhydride arc mixed thoroughly under 
nitrogen. An air-cooled reflux conden.-’cr i.s attachcfl, and the fla.=k is 
carefully inserted in an oil bath at ISO’. A vigorou.s bubbling takes place 
for a few minutes, after which the reaction procced.s quietly. Heating is 
continued at 180-190’ for two hours. The mixture is allowed to cool, 
and 300—100 cc. water i.= added with gentle heating to break up lumps. 
Potassium hydroxide .solution (G .V) is added until the solution is basic 
(about 30 cc. Is required), but care should be taken not to add a large 
excess of ba^^c as the pota.arium salt of the acid is ca.rily salted out of 
solution. The mixture is heated until all soluble material has dissolved; 
some oily material will remain undissolved. The flask Ls cooled under 
the water tap and the solution extracted with 300—100 cc. of ether to 
remove unchanged Ixinzaldehyde and a little stilbenc (ca. 1 g.). Tlie 
water solution i.? acidified with GA' hydrochloric acid (15-20 cc. is 
required), the precipitated acid filtered off, and the filtrate tested mth 
more acid for completeness of precipitation. Tlie precipitate Ls con- 
veniently dried on a porous plate in a vacuum desiccator. Tlie jdcld of 
crude acid, molting alxmt 160’, is 13-15 g. (G0-G59c of the theoretical). 
It can be recrystallized by dis.sohTng in 50% ethanol at boiling tempera- 
ture and adding water until the solution is just cloudy. Tlie solution is 
cooled veiy' slowly, and long needles form gradually. Tlie purified acid 
amounts to 11-12 g. (50-55% of theoretical) and melts at 168-170' 
(rmcor.). The acid obtained in this way is the trans form. 

P-n-Hexylacrylic Add (a,P-Nonenoic Add) 

In a large flask 114 g. (1.1 moles) of malonic acid is dissolved in 185 cc. 
of dry pyridine; the reaction is slightly exothermic. Tlie solution is 
cooled in ice water, and 114 g. (1 mole) of freshly distilled n-heptaldehyde 
is added with stirring or good shaking. After a part of the aldehj’de has 
been added the mixture rapidly sets to a mush of crystals, but moderate 
stirring is possible. The mixture is allowed to stand at room temperature 
for sixty hours with frequent shaking. During this time the mixtme 
froths owing to evolution of carbon dioxide, and at the end most of the 

Thi? procedure tras fumUhed through the courtesy o! Professor C.R.Hauser and Miss 
Mildred Patterson, of Duke Dnivereity. It is a modem version of the Ogliaioro modifica- 
tion incorporating results of Bakunin and coUaborators. and the use of potassium carbon- 
ate and pyridine, as sne^ested by Kalnin's studies. 
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Jnalonic acid lias bccQ consumed. The reaction iruxturc finally is 
warmed on a steam bath for ei^t to nine hours (until evolution of car- 
bon dioxide has ceased) and then poured into an equal volume of water. 
Tlie oilj’ layer is separated and shaken thoroughly «-ith 300 cc. of 25 % 
hydrochloric acid to remove pjiidine. The product is taken up in bea- 
zeno, washed with water, dried, and distilled under diminished pressure. 
After a small fore-nm of hept.aldehyde g.), the acid is collected at 
130-1 32'^/2 mm.; tlicro is little higb-hoiling residue. With small quan- 
tities the jaeld is 75-80%, but with largpr amounts (1 kg. of heptalde- 
hyde) the yield is 80-85%.* 

Zaar reported that the acid prepared in this way contains about 5% 
of the ,8,>-isomer, uhprc.as the Knoevenagel procedure using piperidine 
gives a lower j-icld and much more impure material Zaar removed the 
/3,7-isoincr as the v-lactone by treating the distilled acid with an equal 
weight of 85% sulfuric acid and stimng for 0 hours at SO®,® washing 
with wafer, and then treating the product irith sodium c.irbonate solu- 
tion. TliLs converts the 5,7-ttnsaturated acid to yn-atnylbutyrolactone 
(bp. 110-112®/3 nun.), which b insoluble in carbonate and can be 
removed by extraction tvifh a solvent. From the alkaline solution the 
purified a,^-nonenoic acid b r^ncrated by acidificaUoo and redbtilled. 


o-Kitrophenylpyrunc Acid t 


Ailactooe from Aceturic Acid and o-Nltrobenzaldehyde. See grama 
(0.04 mole) of o-nitrobenzaidehyde, 5.5 g. (0.017 mole) of aceturio acid, 
and 2.0 g. (0.032 mole) of fussd sodium acetate are latved thorough)}* 
(by grinding in a mortar) and placed in a 125-cc. Erleameyer flask. To 
the mixture b added 15 ce. (16.2 g , 0 H2 mole) of 9(H)59c acetic anhy- 
dride, and the open fl.Tsk is tlien heated on the steam bath for tivo and 
one-h.alf Ijouis. The flask b cooled to room temperature and allowed to 
stand for two hours, during which time cry'^taUization occurs. The solid 
cake of crystals b broken up and washed with three 20-cc. portions of 
water. The finely cryst-aliine jtIIow product is dried for tireh e hours in 
a vacuum dcsicc.ator over sodium hydroxide and calcium chloride. The 
jiold b 0 g. of crude product (65%) melting at 110-112 . It may bo 
reciystallized from petroleum ether (b p. 90-100®} to give bright yellow 
needles of m.p. 113 5-114 5 °. 

Hydrolysis of the Azlactone. Eight grams {0 0345 mole) of the crude 
aziactone b refluxed with 200 cc. of 1 .Yhj-drochJorie acid for two and one- 


• TliJa procedure is due to Z»ar.** wko reported »>«> the foUomng ; 
aldchj-des; B«taldeh}ile to ctWcoenoic and. 7SSi. n.dec*ldehyde 
. ?>.<indecaldehyde to a d-tndeeewae aeid. 

directions srere furoislied by Mr Rtcbaid nubroue^. CoraeU toiversity. 


acid. 5S^ 
t These 


nclds with higher 
to <i.3.dodeceiioie 
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Esif hours in a refiirx apparatus fitted vrith ground-glass joints. To the 
hot (90~) solution is added 1—2 g. of charcoal_. and the rrhole is boQed for 
a ferr minutes. The boiling solution is then filtered and cooled to room 
temperature. ^lost of the u-nitrophenvlptmuTic acid separates as an oil, 
but seeding or scratching causes crystallization to begin. After standing 
at room temperature for tTvo hours, the mixture is cooled at 0" overnight. 
The li^t tan crystals of onitrophenylpyruvic acid are filtered, washed 
vrith 0 cc. of cold water, and dried in a vacinnn desiccator. The product 
weighs 4.3 g. and melts at 117-120'. The aqueous mother liquor is con- 
centrated in vacuum to about 50 cc., and the oily product is seeded and 
worked up as before. The second crop of crystals weighs 1.7 g. and 
melts at 119-120'. The total yield of product is 6.0 g. or S3 St of the 
theoretical. This product is suSciently pure for synthetic purposes: it 
may be reciystallized from water with sTn;>n loss. 



YIELDS OF CINNAMIC ACID 


255 




TABLE III 
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MECHANISM 

The acetoacefic ester condensation* consists in the reaction, in the 
presence of certain bases, of an ester having hydrogen on the o-carbon 
atom Vi-ith a second molecule of the same ester or nith another ester 
(which may or may not have hydrogen on the a-carbon atom) to form 
a ^-ketoester. The bases capable of effecting such reactions include 
sodium alkoxides, tripbenylmethylsodium, sodium amide, and certain 
Grignard reagents such as mesitylmagnesium bromide and isopropyl- 
magnesium bromide; also, metallic sodium effects certmn condensations, 
the sodium alkoxide which is formed in the reaction mixture probably 
Serving as the active condensing agent.’ The classical example of the 
acetoacctic ester reaction is the formation of acetoacetic ester itself by 
condensation of ethyl acetate by means of sodium ethoxide, for which 
the following reaction may be written. 

CH,COiC«n* +■ CH*COjC,H, + N«OCiII» -♦ 

CH.C(ONs)»»CHCO,C,Hi + 2C,H»0U 
The reaction probably involves an ionic mechanism,*- * the first step 
of which is an acid-base exchange; in the presence of the ethoxide ion the 
hydrogen on the <»-carbon atom is ionized as a proton to form the ester 
onion (etiolate anion), which Is probably a resonance hybrid of the two 
structures ~CHj — Os^(OC2lf4) and CHj^C — ©“(OGjITs). 

(1) CHiCOiCsH»-i- “OCtir. ss (CH,00,C,E»)--h CjH»OS 

The second step involves the condensation of the ester anion irith the 
carbonyl group of a molecule of unchanged ester, presumably forming 
an intermediate anion (with the charge on the oxygen) which, on release 
of the etho.dde ion, forms acetoacctic ester. 

(2) CH,C^ + (CHiCO,C,n,)- 

\)C,n» 

CH,G-CH,CO»C»H» CH,C0C1I,C0,C,H, + -OC,H» 

•This tj-peof coDdensatJonis/re«twntlj'e«JJ«d*Ct-“*o jwcOon— « ttrm thaji* u«riJ 
also for certain other types of cpndenaatMMi effected by bases, including kelone-ester con. 
denas tions to form J,3-</itetones am/ sue* bAM reartiott* as tie caadea^Mna o! ethyl 
scetate with benisldehyde to form ethyl cunsmate and of acetophenone with bentalde- 
hyde to form benialscetophenone. 

» Snell and McElvwin, J. .dm. CAcm. Sue., #3. 8310 (1931). 

• tUuscr and Renfrew. J. .Im. CAcm. Sac- •». 1323 (1937). 

» Hsuicr. J. .Im. CAem. Soc^ 60. 1957 (193S) , Arndt and Eiatert. JJer., 69. 2394 (1936) 



268 


THE ACETOACETIC ESTER C0XDEXSATI02C 


Acetoacetic ester is then converted into its anion by the action of the 
ethoside ion; this third step involves an acid-base reaction in vhich a 
hydrogen on the a-carbon atom of the ^ketoester is ionized. 

(3) CHiCOCH;COiC-H5 -f "OCeHs (CHjCOCHCOiCsHs) ' -f CjHsOH 

Evidence that esters form anions according to the first step of the 
mechanism is furnished by the racemization of esters of optically active 
disubstituted acetic acids in the presence of ethoside ion,^ and by the 
hydrogen-deuterium exchange of ethj-1 acetate and other ^eis vith 
o-hydrogen atoms in the presence of this base and deutero alcohol.’ 
That ester anions are the active intermediates in the condensation is 
shown by the fact that thej' maj" be prepared by means of the stronger 
base, triphenylmethyl ion, and condensed with esters or other re- 
agents.®- ”• * 

IVith ethoxide ion and most esters the eqnilibrimn of the first step is 
on the ride of unchanged ester, and in order for this base to effect the 
condensation the ^ketoester formed must be converted largely into its 
anion, that is, the third step must take place. With triphenylmethyl 
ion, however, the equilibrium of the first step is on the ride of the ester 
anion, and the third step is not required for the condensation, although 
this acid-base reaction does take place when the ^ketoester has an 
enolizable hydrogen. Thus, in the prince of the triphenylmethyl ion, 
ethyl Lsobutyrate may be condensed with ethyl benzoate to form ethyl 
benzoyldimethylacetate even though this ^ketoester is incapable of 
forming an enolate anion. Ethyl isobut%Tate also undergoes self-con- 
densation in the presence of the triphenylmethyl ion (but not in the 
presence of ethoxide ion) to form ethyl isobutyrj-lisobutyrate," which is 
converted into its anion by the ethyl isobutj-rate anion or the triphenyl- 
methyl ion; the hydrogen on the 7-carbon atom of the ^ketoester is 
involved in this third step.“ These reactions mat* be represented as 
follows. 


HC(CH,):CO;C;Hs-r (CcHsIjC- [CCCHiliCOjCiHsl" -f (CeHsliCH 
CjHsCOjCjHs "t" fCtOidjliCOiC-Hst” 

CeHsCOCCCHOiCOjCjHs-f -OC-Hs 

* Kenycm and Yo-nrtg. J. 216 

* Bro-rn and Eber!y, J, Ati. C>jrr%. fen, 62. 113 

* ScHc-nk, Enicmanii, and Hod]o5, 4S7, 135 (1531). 

' Muller. GaTriick, and Krtrjlrtnann. Ar^n^ 515, 07 (1934). 

* HanK-r and HenfroTr. Or^. 19. 43 (1935). 

’ Hndfon and J . At%. Soc,, 62. 2437 (1910). 

" Eenlrtrsr and Hauler, J. At^., Ojfm. fee.. 60. 463 (193-S). 

Hudfcn and Harj*er, J. An. fen, 61, 356S (I930j. 
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nc(cn,),co,c,n»+ [C(CH,),co,c,Hj- 

lIC{CHJ,COC(CHj)iCO,CjHt+ -OC,Hs 
IIC(CH,),COC(CH,),CO,C,II|+ [C(Cn,),CO,C,HJ- i=± 
or (C.H»),C- 

IC{CHi),COC(ai«)iCOjC,nO-+ HC(Cn,),COsC,Ht or {C,H,),CH 

The revcreibility of the acetoacetic ester condensation is well estab- 
lished. Certain 0 -kctoestcra, espenally those ha\-ing one or two sub- 
stituents on the a-carbon atom, are cleaved by alcoholic sodium etho^de 
to form esters. Thus, although ethyl «-propionyIpropionate is formed 
by the self-condensation of ethj-1 propionate in the presence of sodium 
ethoxide, when treated with alcoholic sodium ethoxide it reverts to 
ethyl propionate;" similarly, ethyl diethylacetoacctate is cleaved by 
alcoholic sodium ethoxide to form ethyl diethylacctate and et y 
acetate." 

CH.CH,COCH(CiI.)CO,C,n, 2CH,CH,CO,C,n. 

OH,OOC(C,HJiCOiC,II> HC(CiH,),CO.O.H,+ CH.CO.O.Hi 


An interesting oxaniple is the reversion of the product from ethyl iso- 
butyrete and ethyl benioate. Although ethyl benroy dunethjiaretate 
is obtained by short treatment of these esters noth tnphenytoethjl- 
sodium,'* on Btonding in the presence of sodium clhomde and tnphenyl- 
methnne (both of which nre by-prodnels of the condensatron) it teterds 
to ethyl benronle and ethyl fcobntynrte, the latter undetgomg seif- 
conderLtion to form ethyl isobntyrylisobntymte wteh 
into its sodium derivative.'" These reactions can be Mowed from the 
ionic equations represented above. 

There seems little doubt that the acetoacetic ester ^ 

fluenced in the Gisi step by the acidic strength of the ester “"'J 
basic strength of the condensing agent,* m the sc<»nd mte 

and position of equilibrium of the rcaclio^ t ® ^ 
and in the third step by the acidic stre^ n, j ~^*mn the first and 
strength of the base. At least 

third steps are relatively rapid and compe e an overall 

relatively slow. Appar«iUy. the in^-- 
reaction is most pronounced m the secona 

" Dieckmann. Bfr., SS, 2670 (1900). 

» Rud«>n and Hauser. /. Am. C»rm. 68. 62 (1^- 

“ Ahramovitch and Hauser, unpublished obeervatsoM. 
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stated that the acetoacetic ester tjije of condensation ■nill take place 
vrhen a base is formed -which is -R-eaker than that used as the condensing 
agent. Thus, in the formation of ethjd acetoacetate from ethjd acetate 
and sodium ethoxide, the enolate anion, (CH3C0CHC02C2H5)'', is 
■weaker than the ethoxide ion, and in the formation of ethjd benzojddi* 
methylacetate from ethjd isobutj-rate and ethjd benzoate in the presence 
of triphenj'lmethj'lsodium the ethoxide ion (a bj'-product of the con- 
densation) is weaker than the triphenj’-Imethjd ion. 


SCOPE AND LIMITATIOnS 

The acetoacetic ester tj-pe of reaction is u.sed to prepare a varietj' of 
P-ketoesters and certain other tj^tes of compounds. The self-condensa- 
tion of esters having hj’drogen on the a-carbon atom maj' be effected 
readilj- ; this amounts to an acj’lation of the ester bj' another molecule 
of the same ester. 


RCHjCOjGsHsd- H— CHRCOjCzHs-^ RCHjCOCHRCOsCjHs d- C2H5OH 
RzCHCOjCjHs -b H— CRjCOjCjHs R2CHCOCR2CO2C2H6 + C2H5OH 

The condensation between two different ethjd esters maj" be indicated 
a.s follows. 

1 I 

RC 02 C 2 Hs-b H— C— CO2C2H5 RCOCCO2C2H5 4 - C.HsOH 


The first ester maj' be designated as the acjdating ester. This condensa- 
tion is generallj' satLsfactoij' onlj- when one of the esters (the acjdating 
ester) has no active hj'drogen. The condensation of two esters each of 
which has active hj'drogen atoms maj' result in the formation of a mix- 
ture of four different ^ketoesten;, the two .self-condensation products 
and the two mixed ester condensation products, although in certain cases 
one of the latter maj' be the principal product. Even the application of 
the special techmque of firet converting one of the esters largelj' into its 
sodium enolate bj' means of triphenj'lmethj'Lsodium and then condens- 
ing the enolate with an ethjd e.ster has not been particularlj' successful 
thus far, as mixtures of /S-ketoesters are still obtained.” Certain acj'Ia- 
tions bj' means of phenjd or diphenjd esters, however, hai'e been suc- 
cessful.” 

Three of the more common esters which have no active hj'drogen and 
which have seiv'ed satisfactorily as acj-laling esters are ethj'l formate, 

“ Hudson and Hauser, J. Am. Soc.. 63, 3150 (1941). 
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ethyl benzoate, and ethyl oxalate. General reactions with these esters 
arc indicated in the following formulations. 


1 

IICOjC,H»+ n— C— COiCjHt 


CelltCOjCsII* + n— C— CO»C»H» 


CO,C,H» [ 

I + n— c— coiC,H, 

COiCiII, ^ 

I 

CO,C,H* + H— O-C0,C,nt 

I I 

COiCjHi + 11— C— COiCiHt 


IICO— C— CO,C,H,+ CjHsOH 

I 


C,H»CO— C— CO,Cin»+ C,HjOH 


CO— C— COiCjHs 

I I + CiHiOH 


I 

CO— c— COjCiHs 
I ’ + 2C*HiOH 

CO— C— COiCjH» 

I 


The ethoxalyl derivatives may lose carbon monoxide to form inalomc 
ester derivatives when licated; the reaction senes as a good method for 
the preparation of certain of these compounds.** 


CO— C— CO,C»II» COiCiIU 

I ' -c- + CO 

i 

COiCjK. COjCtH* 

Similarly, etliyl formate and ethyl oxalate acylatc ethyl crotonatc and 
ethyl sorbatc, tlie x’in3'logs of ethyl acetate. 
lICO,C,ir, + CII,(CH=CH).CO,C*H» -» 

* nCOClIi(CH=CH).CO,CiH» + CiH»OH 


COtC,H(+CHj(CH=CII}^.CO.C,H* ^ 

COCHrfCII=Cn).CO.C,H.+ O.H.OH 


** Se«. fo 


iple. Cox and McElxain 


C0»C,1I| 

i.Or* Sji'rtw'*. IT. 55 t*937). 
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Apparenth', not all esters ha^nng hydrogen on the a-carbon atom 
undergo the acetoacetic ester condensation to form jS-ketoesters. Thus, 
ethj'l dichloroacetate ■when treated ■with alcoholic soditnn ethoxide yields 
ethyl oxalochloroacetate diethyl acetal and ethjd diethoxyacetate.^' 
Although methyl diphenj'lacetate is converted by triphen 3 'hnethylso- 
dinm into its Eodium enolate (which maj' be condensed ■«!& acid 
chlorides to form ^ketoesters),' the self-condensation of this ester 
apparentlj' has not been effected. The imsatiuated esters, ethyl acry- 
late and ethj'l crotonate,^® when treated ■with sodimn ethoxide, undergo 
condensations of the Alichael tj-pe; however, as indicated above, ethyl 
crotonate rmdergoes the acetoacetic ester reaction ■with certain esters 
(ethyl oxalate and ethj'l formate). 

Phenj'l acetate fails to condense in the presence of sodium pheno.xide.®® 
Although purely aliphatic alkj'l acetates (in which the alkyl group is 
methyl, ethyl, propj'l, etc.), rmdergo the normal acetoacetic ester con- 
densation when treated -with the corre5p>onding sodium alkoxide (or ■with 
metallic sodium), the phenj'l-substituted alkj'l acetates, benzyl and 
benzohj'drj'l acetates (and also allyl and cinnamyl acetates) rmdergo so- 
called abnormal acetoacetic ester reactions. Thus, benzj'l acetate -with 
sodium benzj'loxide yields onlj' traces of benzyl acetoacetate,®^ and when 
heated ■with metallic sodium this ester jields the “alkylated” product, 
^phenj'lpropionic acid; - allj'l acetate with sodium undergoes the 
same tj'pe of reaction. Benzohydryl acetate and sodium yield still 
another “abnormal” product, tetraphenylethane; cinnamyl acetate 
undergoes the same tj'pe of reaction." Benzohj-drj'l acetate with sodimn 
benzohydiylo.xide yields the “alkj'Iated” product, ^.g-diphenylpropionic 
acid, and other products.” It should be pointed out that these so-called 
abnormal acetoacetic ester reactions presumably require relativelj' high 
temperatures (100-300") and that at least benzj'l acetate undergoes the 
normal acetoacetic ester condensation when treated with triphenj'l- 
methylsodium at room tempteratures.-^ 

Side Reactions 

The most important type of side reaction that Ls encountered when the 
acetoacetic ester condensation is carried out involves the reaction of the 

Cope. J. Art. Cf.ert. Soc~, 5S. 570 (1930’). 

Pe-trassn sr.d Rotm, B‘.r„ 34, 42S (IGOl). 

” Pechsarin ard Rohm. 33. 3324 (ISOOJ, 

— Fisher acd McElTsin, J. Art. Chm. Sfx.. 55. IVCo (1934). 

“ Bacon. Art. Chtn. J., 33. CS (1903). 

“ Conmd snd H&dgjdnson, A.nr... 193, 293 (157S), 

" Ts*?on and Wan?^. J. Chir.fi* Cfart. Soc.. 5. 224 (193T;, 

'* Hudson and Hn^n=er, unp-rblished obssr-.-ntinns. 
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carl)onyl proup of the ester with the base «<cd as condensing agentj 
indecii, this type of reaction is frequently the most characteristic reac- 
tion of the ester. Sodium alfcoxidcs may react reversibly with the car- 
bonyl group of the e-stcr. 

RCHiCOiC,!!* -I- XaOCiIU RCIIiC^C,IIs 


Ilowcvcr, other bases of .suffident strength to ionize the a-!iydrogen of 
esters and efTect condensations arc also capable of reacting irreversibly 
with the carbonyl group of esters. Tims, sodium amide effects the 
ammonolysis of esters,” and Grignard reagents react with esters to form 
ketones or carbinols. 

KCII.C0,C.II. ncii-coNii, 

R 

ncn.co.c,ii. nciiioii 

R 


Thc=o Tractions ccncrally rredominalo, but sodmm (or potassium) trade 

nnd certain Grisnartl reagents reael prcterenually uith “ 

ol eertain esteia and effect condensations. Although 

dium LS capahle of reacting uith the earhony group o e , e 

ol reaction occurs apparently only ivhen the ester contains no u-hydro- 

gen; for example, mtli methyl hcnioate a ketone is formed. 

C.II.CO.Cn.+ (C.H.).CN. - C.n.COC(C.H.).+ N.OCH. 

Metallic sodium is capable of remUing »Jh the f 

esters to fo™ acyioius.. ("01™) and — ^ 

but in the presence of e.xccss of eth>laec ^ -gYiau etisyi 

sodiiun effects only the acetoacetic ester 

ii-hutyTate or ethyl isobu.ymte and sodium, '■“y'' ’ 

ester condensation does not fake place products are 

ol the ester; instead, acyioius, diketoncs, and highcr-boil.ng products are 

'TrerLu cases, sidereactio^iusmlragkhcal^ 

are encountered. Thus, in the presence of potassium 

, 1 rr^Ka a 143-150(1933), tW., SO, 459 (1937). 

’*S« Bergstrom and Fernelius, - 

•• Schlenk and Cobs, Ber., 49, 610 (1916). 

Bouveault and Loequm. Ba//. .« «»•«- ^ 

>* Snell and McElta.n, J. u4m. Chcm,Soe.n. 750 (1931). 
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anunonia, /3-phenylethyl acetate is converted partly to sU'renc.-’ The 
so-called abnormal acctoacctic aster reactions discussed above (p. 272) 
may also be regarded as other types of side reactions invohdng the 
alcohol portion of the ester. 


Cyclizations (Dieckmann reaction) 

Certain esters having hydrogen on the 6 - or t-carbon atom which is 
activated (generally by a carbonyl group) undergo intramolecular cj’cli- 
zation. Thase reactions may be illustrated by the formation of 2-car- 
boethoxj’CN’clopentanone from ethyl adipate. 


CHj 

/ \ 

CH; CO-GiHs N'aOC.Hs 

! > 

CHi CH:COiC.Hs 


CHi 

/ \ 


CH; CO 


CH- CHCO-CiHs -f C.HsOH 


Similarh*, ethyl pimelate can be cyclized to a cyclohe.vanone derivative, 
but ethyl suberate atiords 2-carbocthoxycycloheptanone in low jdeld. 
The esters of glutaric, azelaic, and sebacic acids fail to cj-clize intramolec- 
ularly in the pre.sence of sodium ethoxide. 

This cj'clization has proved particularly useful in preparing poh'cjolic 
compoimds. For example, the cj'clic ketoester which is an intermediate 
in the sjmthesis of the sex hormone equilenin can be obtained in practi- 
tically quantitative j-ield.’’ 



Certain intramolecular cyclizations are accompanied by decarboxj'I- 
ation, illustrated as follows. 


C-Hs 

i 

CH-— C — CO-C-Hs 

i 

CO;C.Hs 

H 

! 

CH* — C — COxCjHs 
CO-CiHs 


KiOC-Hj 


C-Hs 

! 

CH-— (>-CO.C.Hs 

I 

c==o 

CH,:— C— CO-C-Hs 

I 

H 


^ Sl:^ and Hauser, unpnb-lished o^>servations. 

Cole, and Wilds, J. Am. Ch^m. Soc., 62, S3o (1^). 
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Five- and sk-membercd rings may also be formed by intermolecular 
condensation and cyclization, examples of which may be represented as 
follow's. 

COsCjH, 

I 

CH 

CH,COiC,U, / \ ^ 

2 I V CH, CO 

CH,CO,C,H, 1 I + SCjHiOH 

CO CH, 

\ / 

CH 

I 

CO«C,H, 

COiCfHs 

CH— CO 


CH,CO,C,H, 

/ COjC,H, s,oc.H, 

RCH + I ^ 

\ CO,C,H» 

CU,CO,C,H, 


/ 

RCH 

\ 


+ 2C,H,0H 


(R— H,Cn,,C,H,) 


Nro" 


‘CHC0,C,H| + 2C,H»0n 


The Acylation of Esters with Acid Chlorides 
a«,. .o .he * 

aretracctic «tcr reaction) n> io the form of its sodium 

or anhydrides. For caample, cth) , A^^.^ethrlsodium) may bo 

enolatc (prepared from the 5^' „ benioate," but ako 

aejlatcd not only mth ,Hocid^“ the reactions trith the 

trith bentoic anhi-dnde ^,1, ,he acid chloride), being 

last tliree teagents espwial J * ^ t^^oyldimethylace- 

esseutially irrevcre.blc, by , he toUon-ing general equa- 

tate. These reactions may be represemeu i 

. „ J Am. Ciem. «<>. >«0 (I«S>- 

« Hudson. Dick. M«ti H»uscr, J- Am. LA* 
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tion in which X represents ethoxidc, phenoxide, benzoate, or chloride 
groups. 

CcHsCOX + Na[C(CH3)2CO»C2Hs] CfiIl6C0C(CH3)2C02C2H6 + NaX 

The reactions of the sodium enolatcs of cthjd isobutyratc and other esters 
of disubstituted acetic acids with various acid chlorides are of particular 
value for the preparation of o!,a-disubstituted / 3 -ketoesters of the type 
RCOCR2CO2C2H5. The acylation of the sodium cnolate of ethyl ace- 
tate wth acid chlorides docs not stop vdth monoacylation but produces 
mainly the diacylatcd acetate (RC0)2CHC02C2H5. 


EXPERIMENTAL PROCEDURES 
Choice of Base 

The base most commonly used for the acetoacetic ester condensation 
is the sodium alkoxidc that corre-sponds to the alcohol portion of the 
ester; for example, sodium ethoxide is used with ethyl esters. These 
bases are generally readily available and usually they produce no by- 
products except the corresponding alcohol, which is easily separated from 
the condensation product. Under the proper conditions, sodium alkox- 
ides effect the condensation of acetates and most esters that have tw'o 
hydrogens on the a-carbon atom (in reactions of either tw’o similar or twm 
different ester molecules) ; twm such esters, however, ethyl isovalerate 
and ethyl f-butylacetate,^- as well as esters that have only one a-hydrogen 
atom (e.g., ethyl isobutyratc ’’) fail to condense in the presence of 
sodium ethoxide. 

The second most useful base is triphenylmethylsodimn, which con- 
denses not only ethyl acetate and presumably all esters that are con- 
densed by sodium alkoxides, but also certain esters that cannot be 
condensed by means of the latter bases. Thus, triphenylmethylsodium 
effects the self-condensations of ethyl isovalerate and ethyl isobuty- 
rate ^ and the mixed ester condensations between ethyl isobutyrate and 
esters with no a-hydrogen, for example, ethyl oxalate." Also, tri- 
phenyhnethylsodium is the only base that has been found to be gener- 
ally satisfactory for the condensations of esters wrth acid chlorides." 
With the proper equipment, triphenylmethylsodium is readily prepared, 
and it generally produces no appreciable amounts of by-products except 
triphenylmethane, which usually may be separated readily from the 
condensation product. 

Roberts and McElvain, J. Am. Chem. Soc., 59, 2007 (1937). 

^McElvain, J. Am, Chem. 5oc., 51, 3124 (1929). 



CHOICE OF BASE ^7' 

Mesitylmagneshim bromide*^ elfects the self-oondensation of ethyl 
isovaleratc and ethyl isobutj-rate (and also ethyl t-butylacetate), but 
the jdelds of products are not so high as those obtained with tnphenyl- 
melhylsodium. Apparently, mixed ester condensations have not l:«cn 
attempted with mesitylmagneaum bromide, but it seems likely that at 
least certain of them might be effected; however, an attempt to condense 
ethyl isobutyrate with benioyl chloride by means of mesitylmagnesium 
bromide has been unsuccessful-'* 

Certam other bases have limited .pphcat.oa. Although tsopropyl- 
magnesium bromide is not satistoctory lor the sell-eondensat.on ot ethyl 
aeetate or ethyl isovalerate,- this Grignard .^gent does br.ng about the 
sch-eondensationa ot ethyl phenylacctate " (m which the o-hydrogen is 
aetivated by the phenyl group) aod ot hbntyl acetate (in winch tlm 
carbonyl group is dcaetivaUd by the l-butyl E™P)- 
amido effects the sclt-eondensation ot l-butyl ace at J 
reacts with ethyl acetate to give only a Ion ytc ketoester o 

and irith ethyl isobutycale to give little “ f'S;. 

Sodium amide is satislaclory, however, tor tho^ychsa tion ol ethyl a 

pale - (and 

Sodium «-amylacetylido, NaCfeC— (CHjJi s. 

bases may be f^osen, thus ^ 

tatc, 'sopropylmagncsium condensation product is 

ethoxide,- since a cons, der^V^ eell-condensation ot 

obtained wnth the .« potassium amide,** or iso- 

^butyl acetate, ^ chosen instead of sodium (-butox- 

fdSrs— 

timn'ydelds obtained with the other bases. 

1. -ed Sihaiidl. d. 

Conant »nd DI»tt. 1 / dttn. ,nd Ppeycr, !><*■., »8. 2321 (1»»>. 

•• T.th«ly. J. Chrm. Soc . 8»' ,07 (1934) 

« Scheibler and Stoir^ ^ • j „ ,g;jo ^gco) ; C<mpt. «nd . ITS, 3J- 

“ Haller u,d Comut^rt. BuU »«■•** 

» Moureu and !>• ”* 
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reactions generally increases the yields of (J-kclocslcis. These 
reaction, are ot particular vrduc for the Mlf-»ndensat.on of ethy 
n-valcratc and higher eaten;" the lorrer esters drstrl rrrth the alcohol 

and must be used in conMdcrable excess.” 

The condensation of two different esters « soraetmies earned out bj 
first miring the aeylating eater (rrhich slrould be rneapable ot self-con. 
densation) rrith sodiirm elhoside and then addmg the other ester and 
heating the miatrrm. nTrer. an ester tend, to »ndenae 
readil, as rrith the aeylating rater, the yield ot 

product may be improved by adding ‘"ed mdaoLr 

«ter, at intervals, small portion, ot the e,^ to be 

imatcly equivalent amount, of nretaihe rard.nm ^5 1 Ifntof^ae^te 
is prepaSl eommereially es«rntially neeordrng 

this proeednre is sneeeasinl tor the acylat.on of a«tam rth ethr^ 
dielhoavaeetatc; “ this reart, on is one ot tte f™, 3 ^'“ 
ester, both ot nhieh have rvhydrogen can be 
Several proeednre, have been chosen to 
nlq„e,and^llU,,tra.Mhet« 

lion ot esters; intermoleeular 

rntermoleenlar “ . 2 J the preparation, ot pondered 

wter condensation and cjclization. . . ii^ 

Bodium and of alcohol-treo aodium cthorrde are described. 

PROCEDURES 

. a. era J- 41 Fitvthlv cut sodium is co%-ercd with about ten 
Powdered Wablv purified with sodium) in a round- 

bore. It, nc.ght ot sjlme (prer „„denser, and the rmvture r, 

bottomed fljU'k equipped Mt melts. The Bask is stop- 

heated nn.il the x>-lene ,q,„„„„y rvhile 

pared rvith a „ „nch as hO-CO g of sodium 

the sodium resohifies. „d„. The xjlene may then be 

maj- be converted into a j gmi..pnt 

decanted and replaced p„„dcred riodium is covered «-ith 

approvimatcly ten tone, ipped rrith a mechanical stirrer, 

benzene, ether, or ligroin) i , earning a soda-lime tube. The 
dropping tunnel, and “ (, „pi; ,o 1 gram atom of sodium) 

calculated amount of absolute aiconoi i. 

. Soe S5. 1697 (1033). 

« Bri^se »nd M<iEI-.-»xn. /. Am (, 9 , 4 ) , Johnson nnd Cretcher. J Am 

« Dnkm and Dtfdlcy. /. C/i^m , 44 . gia (1919). 

CH^m. Soc , S7. 2149 (1916) : 

*«Houbcn-Wol.Vol tl 1925. p. 748. 



2S0 THE ACETOACETIC ISTER COXDEXSATIOX 

is diluted vrith twice its volume of the inert solvent and added dropuise 
to the •vigorously stirred contents of the flask. TlTien the initial reaction 
subsides, nearly all the sodium has reacted. The mixture is then refluxed 
with continuous stirring until the sodium has completel}' disappeared. 
The solvent may then be distilled, the last traces being removed under 
reduced pressure. 

Sodium methojdde and sodium ethoxide maj" be prepared in this man- 
ner, but the method is not satisfactory for sodium alkoxides higher than 
sodium ethoxide; methods of preparation of higher alkoxides are de- 
scribed in the literature.^ 

Ethanol-free sodium etho.xide may also be prepared bj* adding freshly 
cut sodium to an excess of absolute ethanol contained in a roimd-bot- 
tomed flask which is immediatel 3 ' connected to a condenser set downward 
for distillation and to a source of drj' nitrogen; a filter flask to which a 
soda-lime tube is attached is used as a receiver. liTien the reaction has 
ceased the e-xcess ethanol is removed bj' distillation. Dr^' nitrogen is 
then admitted and the flask is heated in an oil bath at l-50°/20 mm. for 
one hour. Before use the white cake of sodium ethoxide should be pul- 
verized by stirring or shaking in an atmosphere of nitrogen. 

Self-Condensation of Various Alkyl Acetates,^ Ethyl Propionate,®' 
and Ethyl Butyrate ” in the Presence of Sodium Alkoxides. The self- 
condensation of ethj-1 acetate bj- means of sodium is described in detail 
in Organic Syntheses The following procedure, involving sodium 
alkoxides, mav' be applied to a varietv- of esters of acetic acid as well as 
to the ethj-1 esters of propionic and butyric acids. 

In a 500-cc. three-necked flask, fitted -with a stirrer, reflux condenser, 
and a thermometer which dips below the surface of the reaction mixture, 
are placed 0.2 mole of the alcohol-free alkoxide and 1.2 moles of the 
corresponding ester. The contents of the flask are heated with stirring 
to the temperature and for the time indicated in Table I. At the end of 
the reaction time the flask is surrounded bj- ice and the reaction mixture 
is cooled to 10°. The reflux condenser is replaced bv' a dropping funnel, 
and 36 g. of 33.3% aqueous acetic acid is added dropwise to the mixture 
at such a rate that the temperature remains below 1.5°. When the solid 
material has completelj- dissolved, the ester layer is separated and the 
aqueous layer is extracted with four 50-cc. portions of ether. The com- 
bined ester layer and ether extracts, after drying over anhydrous 
sodium sulfate, is fractionallv- distilled. The conditions of reaction, the 
maximum vdelds, and the boiling points of various ^ketoesters obtained 
are pven in Table I. 

^ I cgiis and Roberts, Org. Simniotei, CoH. rol., 1, 230 (1932). 



FORCED SELF-CO.VDENS.iTION OF ETHYL ESTERS 281 
TABLE I 


Self-Coxdens4tion IX THE Presexce o> Sodium Alkoxides 


Ester Used 

Temperature 
of ReacliOD, 

•a 

Time of 
Reaction, 
hr. 

j Product 

Yield, % 

B p./mm. 

Ethyl acetate 

7S 

8 

75-76 

78-80/16 

Ethyl propionate 

05 

16 

46-47'’ 

88-90/12 

EthyJ n-butj-rate 

05 

32 

40-42 • 

102-105/12 

Methyl acetate 

57 

16-32 

57-61 



n-Propy] acetate 

77 

JO 

73 

78/11 

n-But>l acetate 

115 

8 

71 

90/11 

Isohutyl acetate 

IIS 

4* 

71 

84 5/11 

Isopropyl acetate 

87 

8 

75 

69/11 

«-Butyl acetate 

87 

8 

80 

79 1/11 

^Butyl acetate 

77 

32 

ss 

71 S/ll 


» A yirlii of th« i»obi«/s«d by pmodic d»tiMoi;on> 9f porUrai et tb« ttttr Mtnitr 

th« olcohol tbit II formed dunnc <)m roiction (•»« (oUowint ^oeedure), but esniiderible tioui 
of Ui* pujo ottor u roquirod in th« proew 

bRoieUDBiDuturobntftl *t llb*for fovr boon ttod Umo iDovid to tiud »t rooiS tM9par*tu» for 
tnilvo boun, 

Forced Self*Condeasatioa of Etbjl Esters of n-VaJeric" a&d Higher 
Aliphatic Acids in the Presence of Sodium Etboxide. In a 12o*cc. 
modified Claiscn fiosk ivith a fractionatitig side arm 3d cm. long are 
placed 0.1 mole of the purified ester and 0.05 mole of ethanohfreo sodium 
ethoxide (prepared from absolute ethanol and pondered sodium under 
dry ether, p. 279). Tlvo reaction flask U attached to the receiving flask 
(nhich is not cooled), and thw fl-ask in turn is attached through a soda- 
lime tower and a s-afety bottle to a manometer and a water pump. The 
^ety bottle contaifis a sloprock wliich can be opened to the air and by 
Avhich the prcssvirc in tiie system can be regulated. The reaction flask is 
then he.ated carefully in an ml bath to a temperature and under a pres- 
sure that cause a moderate, Init not loo \ngoroius, evolution of ethanol 
Vapor n.s shown by the ebullition of the reaction mixture. The required 
temperature and pressure vary with the boiling point of the e?tcr, the 
more vol.atilo ones requirinR lower rractioii temperatures and higher 
prcs.«urcs in orilor to a\-oiil loss of ester. Consequently tlic time neces- 
sary for the complotiou of the reaction in tlievc cm-es is increaMHi. A 
summ-ary of the conditions for the reaction of the various esters is given 
in Table II Column 2 shows the temperatures and column 3 the pres- 
sures which are most Mti-factoo’ at the beginning of each reaction to 
ensure a moderate evolution of alcohol. After the reaction has pro- 
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ceeded for some time the temperature and pressure can be raised and 
lowered, respectively, without appreciable loss of ester. Column 4 gives 
the time required for completion of the reaction; at the end of this 
period the reaction mass ceases ebullition. The reaction product after 
cooling is treated with the calculated quantity of 30% acetic acid and 
shaken vigorously until the sodivun salt is completely decomposed. The 
ketoester is then extracted ^th 25 cc. of benzene, and the resulting ben- 
zene solution, after washing with water, is dried over anhydrous sodium 
sulfate. The benzene is removed by distillation. Ethyl a-lauryUaurate 
and ethyl a-myxistylmyristate are recrystallized from absolute methanol. 
The liqmd products are purified by distillation. This procedure is quite 
satisfactory for all the ketoesters except ethyl a-pelargonylpelargonate 
and ethyl a-caprylcaprate, both of w’hich sufi'er a small amount of 
pyrolysis to the corresponding ketone, which appears as a low-boiling 
solid fraction in the distillate. The jdelds and boiling (or melting) points 
of the fi-ketoesters are shovm in Table II (last column). 

TABLE II 


Conditions and Time Required for Formation of ^-Ketoesters 
RCH2C0CH(R)C02C2H5 


Ester Used, 
Ethyl 

Reaction 

Reaction 

Time for 

Ketoester 

Temperature, 

°C. 

Pressure, | 
mm. 

Completion, 

hr. 

Yield, 

% 

B.p./mm. or 
m.p., ° C. 

Valerate 

89-90 

120-130 

7-8 

77 

109-110/5 

Caproate 

90-95 

75-80 

7-8 

80 

132-133/5 

Heptoate 

90-95 

60-65 

7 

i 78 

147-148/5 

Caprj'late 

90-95 

20-25 

5 

84 

173-175/5 

Pelargonate 

100-105 

15-20 

4-5 

74 

195-200/5 

Caprate 

105-110 

15-20 

4 

74 

220-225/5 

Laurate 

120-125 

15-20 

4 

79 

28-29 

(m.p.) 

Myristatc 

125-130 

15-20 

4 

84 

37-38 

(m.p.) 


Condensation of Two Different Esters in the Presence of Sodium. 
Preparation of Ethyl yj-y-Diethoxyacetoacetate^’ and Ethyl Benzoyl- 
acetate.'*”' In a three-necked flask fitted with a stirrer, a dropping 

" For a detailed procedure for the condensation of ethyl oxalate rrith ethyl propionate 
in the presence of sodium cthoxide, see Cox and .McEIvain. Org. Si/nthcecs, 17, 54 (.1037). 
" Yuoh Fong Chi and Yung Mao Lee, Tram. SdeTicc Soc. China, 8, 87-89 (1934). 
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tunnel, and a rcfinx condenser carrying a calcium cMonde tube, 86 g. 
(0.49 mole) ot ethyl diethoxyacetalo is healed to 85^0 and 
2 6. of sodium wire and 9 cc. of ethyl acetate are added at 

vals until 34 g. (1.5 atoms) ot sodium and 130 g. (1.5 moles) of 3 

acetate have been introduced. The reaction is quite "So™"* 

but after it subsides the sodinm and ethyl acetate can 

more rapidly; the seventeen additions can be made in “bout sis h™"_ 

The broL, viscous reaelion mistnre is stirred 

and heating at 85-90" are continued lor 'oo'' 

tion of sodhlm and ethyl acetate. Ethanol (30 ec.) “ 

the residual sodium, and then the oil, cooled somenbat but not aUo l ed 

to become too viscous, is poured into a nmture o 30 “ 

trated hydrochloric acid and J a small quantity 

separated, and the aqueous lajer IS extrac ,va-shed nith 

of ether. The oily layer ^*'",,''“',t"'and ethanol distilled on a 
sodium carbonate solution, dried, ana tne of 

bath at 100". Fractional A conildemJe 

ethyl 7.vdiethoxyacctoacctalc boiling a / 

amount of ethyl acctoacetatc passes 

some ethyl diethoxyacetatc. jg obtained in 55-77% 

By a '‘"“‘“i' and sodium," Ethyl bcnroyl- 
yicld from ethyl nretate, „ ihi, manner “ in n yield 

ncetato U prepared commercud 5 ,he same reaction." 

of 08%; much ethyl a8etoacc " “ L, obtained in 45-85% 

By a similar procedum mclhj ^nw^^^^^ rodinm."' The 

lueld from methyl acetate, m 3 acylation ot ethyl 

method is not very satusfaetors', honwr.^ior 

acetate with its pumb^nliphnlic borod^ Preparation of Ethyl 

Self-Condensation Edrodde - rSodium." To 

Succinylsuccmatc by the Osc coveted nith 140 cc. of 

29 g. (0.43 mole) of tmccinatc. The multure is 

dry ether is added 38 g. (“•2' ' p, ,La„ distilled and the residue is 

reflured three » S' aSturie acid. The crude crystalline 
neutralired tn the cold mth d JL<.,olvcd io 200 ce. of 

ester is collected and ivashcd mth mder. 

„ HI IJ. 265 (1913). W«hl. .feu/,. 1<J S. WO (ISOS). 

“ V:M and DoU. BuU. M.>» Mn *’• 

Wahl and . lH »■ 057 , pdyfunctional arid*. *r« Di«-to*nn. 

» For th« cyriuauon o( a BUmbw ^^h.aUon of rthyl adipaU. .r* 

niaa.. 317. 51 (1901). for a (M Unstaad and J Or- Xor 

(<i) rinknoy. Orf SvnlhiKi. 17. 30 (I5M 

,«-n<ioo) 

" -a . in. 75. t.CT- 



2S1 THE ACETOACETIC ESTER CONDENSATION’ 

95% ctluinol, clccolorkod \vi(h 1 p. of chnrconl, nncl allowed to 
lize. Tlio yield of ctliyl .‘•iiceinybuccinale, ni.p. ]2G-]27°, i?; about G0%. 

When podium is used, the proecduro iiivolvi'p the addition of a slight 
excess of jmwdcred sodium (27 p., 1.17 atom) to ethyl .succinate (75 g., 
0.43 mole) containing a small amount (4 cc.) of absolute ethanol. -•Vfter 
the initial reaction, which may require cooling to prevent flooding of the 
reflux condenser, the mixture is heated to G0° for five hours, then to 
100° for two houi-s, and finally to 1 10° for twenty-five hours. It i.s then 
cooled, added cautwushj to cold dilute sulfuric acid, and worked up as 
just described; the jack! Ls about G0%. 

Condensation of Two Different Esters Followed by Cyclization. 
Preparation of 3,5-Dicarboethoxycyclopentanedione-l,2.“ To 34 g. 
(0.5 mole) of ethanol-free sodium cthoxide, covered noth 200 cc. of 
anhydrous ether and contained in a flask fitted with a reflux condenser, 
is added 3G.5 g. (0.25 mole) of ethyl ox.alatc. After mixing thoroughly, 
47 g. (0.25 mole) of ethyl glutarafe is added over about fifteen minutes 
and the mixture Ls heated to refluxing. zVftcr approximately one hour, 
when solution is complete, the ether i.s distilled and the residue is heated 
to 120-130° until it changes to a yellow solid (about three hours). The 
reaction mixture is cooled and wa.shed rvith ice-cold dilute sulfuric acid 
(10%), then wth ice-water. After drjdng in the air (twenty-four hours) 
the crude product, m.p. 90-101°, weighs 43 g. It is rccrj-stallized from 
80 cc. of 95% ethanol, and 30 g. (50%) of ptu-e material (m.p. 115°) is 
obtained. 

It is reported that ethyl /S-mcth 5 'lglutaratc condenses with ethyl oxa- 
late to give an almost quantitative j-icld “ of 4 -meth 3 ’l- 3 , 5 -dicarbo- 
ethoxycyclopcntanedione-1,2, melting at 108°, and that ethyl ^-phenyl- 
glutarate with ethyl oxalate gives an excellent jield of the 4-phen}'l 
derivative, m.p. 160-161°. Ethjd /S,P-dimethj*lglutarate with eth}'! 
oxalate gives only a low jield “ of the 4,4-dimethj-l derivative by this 
procedure, but a considerabh’ better jneld is obtained using the corre- 
sponding meth.vl esters and sodium methoxide." 

Selection of Experimental Conditions with Triphenylmethylsodium 

The first step in procedures for carrjdng out self-condensations of 
esters, mixed ester condensations, or ester acid chloride condensations bj' 
means of triphen3'lmeth3’lsodium consists in converting the ester to be 
ac 3 ’lated into its sodium enolate. This is done simpb' b 3 ’^ adding the 

“ Jeaurenaud, Ber., 22, 12S2 (note 4) (1SS9). 

Dieckmann, Ber., 32, 1930 (1899) ; Ber., 27, 905 (1S94). 

“Komppa, .4nn., 368, 137 (1909). 
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ester to an equivalent amount of triphcnylmethylsodium in ether solu- 
tion. The formation of the enolate is indicated by the fading or dis- 
appearance of the characteristic deep red color of the base. Self-con- 
densation of the ester is effected merely by alloning the cnolization mix- 
ture to stand, usually at room temperature; the enolate anions are 
acj’latcd by molecules of unchanged ester with which they are in equi- 
librium. The acylation of the sodium enolate with other esters or with 
acid chlorides is effected by adding an equix'alcnt amount of the reagent 
to the cnolization mixture as soon as the characteristic deep red color 


of the triphcnylmethylsodium has nearly' or completely disappeared; in 
this way, self-condensation of the original ester is minumzed. The acyla- 
tion of an ester by another ester or acid chloride will, of course, be suc- 
cessful only when this reaction l-akcs place more rapidly than the sel^ 
condensation of the origin-al ester. The reaction mixtures arc worked 
up by first neutralizing them (except when acid chlorides are used) with 
acetic acid, and extracting the mixture with water, 'ne ether solution 
(which may bo washed with sodium bicarbonate solution) is dned and 
the ether is distilled. The ^kctocster is isolated from the residue (mainly 
triphcnylmethane) by fractional distillation in vacuum. If the pr^uct 
is a high-boiliaE liquid (b.p. above 150715 >»“■). tnpheaylmethaae 
should bo removed before fractionation by cooling and see^g the resi- 
due; the solubility of the triphenylmcthanc U greatly reduced by the 
addition of one or two volumes of 05% ethanol. Techniques o er an 
distillations may be employed in the isolation of crystalline products or 
of alkali-soluble products. . 

The time required for the conversion of on ester into ito soium enolate 
varies greatly with different esters. For example, wit e J 

the color of the triphenylmelhylsodinm disappears almost immediac y 

even when the reaction is earned out at 0°. but mth ethyl 

the color changes to light red only after a few minutes at 

ture, while with ethyl dietbylacetate there is no noticeable d 

the depth of color until after a few hours at room temperatur . . 

the time required for completion of the acj'lation vanes 

example, the self-condensation of ethyl acetate is 

Uithh. hour (0 43% yield of ethyl .eetoacetatc » ^ 

a™ minutes at roomTempemlom),” but I'*', 

isobutyrate t or ethyl isovalerate “ requires a day or “u® ' 

Of the sodium cnolLs of eslera trith aeid ehlondes or 

feaclive estem sueh as ethyl otmlale arc raseut.ally 

few minutes.^ Although considerable heat is genera e triphenyl- 

tions, no special cooling arrangraients are necessary . (or 

methylsodLx is used in approrimately 0.15 molar concentrations 1 
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less) and at an initial temperature of approximate!}' 20° or less. With 
more concentrated solutions or when the room temperature is high, the 
reaction mixture should be cooled by means of an ice bath. 

Triphenylmethylsodium is convenient!}' prepared in almost quanti- 
tative }'ield (90%) by shaking a solution of pure tiiphenylchloromethane 
(m.p. 112-113°) in dry ether with an excess of freshly prepared sodium 
amalgam. Since the base reacts readUy with active hydrogen compounds 
(water, ethanol, etc.) and A^•ith ox}'gen, the materials should be pure and 
the base should be prepared and used in an atmosphere of dry nitrogen. 
The base is commonly prepared and used in approximately 0.15 molar 
concentrations; however, concentrations up to 0.5 molar have been 
employed. 

Procediu-es have been chosen to illustrate the preparation of tn- 
phenyhnethylsodium, the seK-condensation of an ester, and a mixed 
ester condensation. An ester acid-chloride condensation is described in 
detail in Organic Syntheses] ® the reaction on a larger scale is described m 
the literature.'^ 

Procedures 

Triphenyknethylsodium.*^’ Nine hundred and fifty grams of 1.5% 
sodium amalgam is prepared in the following manner. In a 250-cc. Pyrex 
Erlenmeyer flask 14 g. (0.61 atom) of freshly cut sodium is covered to a 
depth of 2 cm. with high-boiling min eral oU. The flask is heated imtil 
the sodium begins to melt. Then 935 g. of mercun', contained in a sepa- 
ratory funnel whose stem passes through a cardboard shield (8 cm. 
square), is added rapidly to the molten sodium (hood!). The flask is 
stoppered and shaken until no solid particles of amalgam remain. When 
the flask has cooled to approximately 80°, or when the amalgam first 
begias to cr}'stallize, the flask is cooled rapidly to room temperature by 
swirling in cold water. The oil is decanted, and the amalgam (950 g.) is 
washed twice with dry benzene or ligroin. 

To a mixture of 70 g. (0.25 mole) of triphenylchloromethane (m.p- 
112-113°) and 950 g. of freshly prepared 1.5% sodium amalgam in a 2-1. 
P}'rex glass-stoppered bottle, 1500 cc. of absolute ether is added. The 
glass stopper is lubricated with a little Lubriseal and firmly inserted. 
The bottle is clamped securely in a mechanical shaker which makes a 
4- to 5-in. stroke and three to four strokes a second. Shaking is begun; 
if the temperature of the bottle rises above approximately 40°, shaking 
is interrupted imtil the bottle cools somewhat. The characteristic deep 
red color appears after five to fifteen minutes’ shaking. After shaking 
for three to six hours the bottle is cooled to room temperature and 

RenfroTT Hauser, Org. Syntheses, 19, 83 (1939). 
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removed from the shaker. Tiie stopper is clamped down a.nd the 
mixture allowed to stand undisturbed overnight. Sodium chloride and 
particles of mercury settle to the bottom. 

The solution is analyzed in the following way. A tube delivering a 
rapid stream of dry nitrogen is held at the mouth of the bottle while the 
stopper is loosened and slowly removed. A sample is taken in the con- 
ventional maimer, by means of a 25-cc. pipette, and delivere into a 
small separatory funnel containing 25 cc. of distilled water. (T e ott e 
should be rcstoppered immediately.) The separatory funnel is stoppered 
and shaken. The aqueous layer is drained into a 250-cc^ Erlenmeyer 
flask, and the ether layer is extracted with two additional 25-cc. portions 
of distilled water. The combined aqueous extract are titrated mtti 
0.2 N sulfuric acid, methyl red being used as the indicator. The average 
concentration of the triphcnylmcthyl sodium is 0 14 to 0 15 mole per 

*Ti.e Eotalion ii Itanstored to a nitroKen-fillcd 2-1. ^ 

by means of a pressure siphon, using nitrogen gas under mi e P 
(4(i-80 mm,). For convenienee, the reeeiring ll.sk should bo 

and the siphon tube provided with a stopcock. ^ptt|0 oo 

mound tho delivery lube in the ncek ot the rccemng “ 

vent the diffusion ot air into tho flask. By catviully *2*'^ 

to which the siphon tube extends into the bottle, it is possi , 

1350-1400 00, of tho supomntant solution tvithout 

the sludge from the bottom ot the bottle, men ‘b' 

tho receiving flask i, stoppered tightly. The solut.on ^ 

used within a few minutes. The quantity ot base avatlablc tor nso 

usually 0.20-0.21 mole concentrations ot 

By using solid sodium amalgam (3%), tKi» mndifications 

the base may be prcp.arcd without 

necessary in the preparation of approximate y m 

sodium are given below- , •« ,i fpnm .51 c. of 

The 3% sodium amalgam prepared shallow iron 

sodium and 1040 g. ot merMry n. and, by mean, ot a 

pan and allowed to cool. The mineral nippp, mcasunng about 

hammer and chisel, the amalg.'wn is bro 'cn i benzene 

1 cm. on each edge. The “"TStion ot 278 g. 

or hgroin and transferred to a 2-1. } , .n-na-) in 1500 cc. of dry 

(1 mole) of triphcnylcliloromethanc ( -P- u the manner 

ether is added, and the bottle » verj- closely 

already described. 'Ihoshakmgp ' nvnid ovorhe.ating. The 
and inlrrupierl wlwnrvcrnee»sa,,.n orfcr to 
persistent nxl color of tho Ux-ms appears after one to 
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ing; little heat is generated after the appearance of the color. Shaking 
is continued until no pieces of solid amalgam remain, and then for two 
hours longer. The bottle is cooled, removed from the shaker, and 
allowed to stand, as described above. The solution is then analyzed, b 3 ^ 
remoA-ing a 10-cc. aliquot and diluting with 25 cc. of ether before extrac- 
tion and titration. 

Except when alkjdations are to be carried out, it is frequentlj' permissi- 
ble to use the solution of triphenjdmeth 3 'lsodium without separating it 
from the sludge of sodium chloride and amalgam. The total volume 
of solution ma 3 ' be considered to be equal to the volume of the ether 
emplo 3 'ed plus 0.77 cc. per g. of triphen 3 'lchloromethane used. TlTien the 
solution is not separated from the amalgam and when the above volume 
correction is applied in the calculation of the quantit 3 ' of base available, 
3 ’ields of 85-93% of the theoretical amount are obtained. 

Self-Condensation. Ethyl o-Isovalerylisovalerate.'® To a solution of 
0.21 mole of triphen 3 dmeth 3 ’lsodium in approximate^' 1400 cc. of ether 
contained in a 2-1. Erlenme 3 'er flask, is added 31.8 cc. (27.5 g., 0.21 mole) 
of eth 3 d isovalerate (b.p. 134-135°). The flask is stoppered well, shaken 
to effect complete mixing, and allowed to stand at room temperature for 
sixt 3 ' hours. The reaction mixture is then acidified by the addition, nith 
shaking, of 15 cc. (approximatel 3 ' 0.25 mole) of glacial acetic acid. The 
mixture is extracted with 100 cc. of water. The resulting ether solution 
is washed with 50-cc. portions of 10% sodium carbonate solution until 
free from excess acid. The ether solution is dried b 3 ' shaking with 
anh 3 'drous sodimn sulfate and allowing to stand over Drierite. The 
solution is filtered and the ether distilled on a water bath. The residue 
is distilled iu vacumn. The fraction boiling up to 170°/15 mm. is redis- 
tilled through a 6-in. Widmer col umn , and the fraction boiling at 
118— 119°/15 mm . is collected. The "vield of eth 3 'l a-isovaleix'lisovalerate 
is 13.3 g. (63%). 

Mixed Ester Condensation- Ethyl a-Ethoxalylisobutyrate.^ To a solu- 
tion of 0.205 mole of tTiphen 3 'lmeth 3 'lsodimn in approximateb' 1400 cc. 
of ether, contained in a 2-1. Erlenme 3 'er flask, is added 27.3 cc. (23.8 g., 
0.205 mole) of eth 3 ’l isobutAuate (b.p. 111-112°). The flask is stoppered, 
shaken, and allowed to stand. After five minutes, 27.8 cc. (30 g., 0.205 
mole) of eth 3 'l oxalate (b.p. 72-74°/10 mm.) is added slowb' and with 
shaking. The reaction is vigorous, and the mixtme ma 3 ' boil gently. 
After standing for ten minutes at room temperature, the reaction mix- 
true is acidified with 15 cc. of glacial acetic acid and extracted with 
100 cc. of water. The resulting ether solution is washed free from excess 
acid with 50-cc. portions of saturated sodimn bicarbonate solution. The 
ether solution is dried br* shaking with anh 3 'drous sodimn sulfate and 
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allomnE to stood over Dtimte. The solution Is fdtaed nod tho ctlipr 
distilled on o water bath. The residue is distilled iii vacuum, and llio 

Iioetion Iwilini: up to 200750 m™- >- 

Wldmcr column. The yield of ethyl »ethoAalylisobiilycalo (b.p. 12-- 
123/15 mm.) is 27.2 E. (01%). 

EXAMPLES OF THE ACETOACETIC ESTER TYPE OF CONDENSATION 

In Table III ate listed selt.eondensations c! esters; in Table IV, 
densations between dilTemnl esters; in Table V, mtmmolecnlar cjcl r ■ 
tions; in Table VI, intermolect.l.r eondetusations and eyel, rations, in 
Table VII, ester-acid cldoridc condensations. 
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CONDENSATIONS 


BETWEEN DIFFERENT ESTERS 
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BRIEF SURVEY OF METHODS OF SYNTHESIS 
OF SIMPLE p-KETOESTERS 


Iq this section the more important methods of synthesis of various 
tj’pcs of simple ^-kctocsters ore briefly considered. 

(A) CH3C0CH2C02C2Hs and CH3COCH2COJR. For many years 
ethyl acetoacctate has been prepared in the laboratory and in industry by 
the self-condensation of ethyl acetate in the presence of sodium. Re- 
cently, diketene has become commercially available “ and is now used to 
prepare ethyl acetoacctate; the reaction may be represented as follows. 

CH,=C— CH, -1- CiHtOH -» CHjCOCHjCOjCsH, 

I 1 
o-co 


Acetoacetic esters of other alcohols hav® been prepared satisfactorily 
by the self-condensation of the appropriate ester (CH3CO3R), by the 
alcoholysis of ethyl acetoacctate, and by tbc reaction of diketene with 
the appropriate alcohol; “ the last method is probably the most con- 
venient when diketene is available. 

(B) CH3COCHRCO2C2HS. These /3-ketoesters are commonly prepared 
by the alkylation of the sodium enolate of ethyl acetoacetate with the 
appropriate alkyl halide. Mixed ester condensations have not been 
satisfactory for the preparation of d'ketoesters of this type, 
o-isopropylacctoacetato has been prepared in good yield (6(>-70%) by 
the alkylation of ethyl acetoacctate with isopropyl ether in the presence 
of boron trifluoride.'’’ 

CHiCOCH,coiC,n» + [(Ciij)iCir]iO ch,cochcojC*h, 
HC(CH,), 


(C) CHjCOCRjCOjCiH,. Thsa! p-keloBters are commonly prePored 

by the dialkylation ol ethyl acetoacctate, that la by the alkylation of 
compounds of type B. Ethyl i^acetylisobutyrate (in which E is methyl 
has been prepared in good yield (51%) from the sodium ^thyl 

isohutyraie Ld acetyl chloride.- Methyl mc«i.phe„ylacetoa<*ml., 
CHiCOC(C.H.)cCOcCHs, has ten Sp Other 

(D) RCOCHcCOrCcHs (■nWI“'*KisMAlkylor^ P 

ThanMethyl). Annmberormethodshatmtenusedforthepmparmm^ 

of 5-keloestei, of this typo, hut none nppeam to be “ f 
tory general method. The following haye b«n 

(1) the acylation of ethyl acetate by other ethyl estem, (2) the acylation 


*' Boese, J. Jnd. Eng. CUm.. SJ. 1« {19W)- 
*’ Hauser and Brealow, J. Am. Chtm. Soe, 6 


92 (1910) ■ 
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of acetonitrile by esters and subsequent alcohol3sls of the ketonitrile; 
(3) the acidation of eth}-! acetoacetate with acid chlorides or anhj'drides 
and the subsequent ammonoh'sis or alcohoh'sLs of the product; (4) the 
reaction of eth3'l c3'anoacetate with Grignard reagents; (5) the h3’dration 
of a,(5-acet3denic acids and esterification; (6) the ac3'lation of ineth3'] ke- 
tones with eth5'l carbonate; and (7) the oxidation of ^h3’drox3'e5ters 
(p. 11). 

The ac3’lation of eth3-l acetate b3' another ester (method 1) consists in 
a mixed ester condensation, which, as alread3' pointed out (p. 270), is 
in general satisfactory* onl3* when the ac3*lating ester has no active 
h3*drogen. The ac3-lation of acetonitrile with esters (method 2) 
appears to have had a somewhat more limited use than method 1. The 
nitrile and ester are condensed b3* means of sodium ethoxide (or tri- 
phen3*lmethylsodium) and the resulting ^ketonitrile alcoholized.^’" 
RCOiGiHs 4- CHaCX RCOCHjCX RCOCHjCOsC-Hs 
Dilethod 3 may be represented as follows. 

CHjCOCH.COCjHs > CHjCOCHCOjCiHs ^ RCOCHsCOsCjHs 

i 

ECO 

The acylation of eth3*l acetoacetate (in the form of its sodium enolate) 
Ls readily carried out with add chlorides or anhy-drides,-'^ and the 
ammonoh’ds (or alcohoh'ris) of the acyl acetvdcetic ester at least in 
several cases ^ves good 5-ields of the desired acyl acetate.^’ However, 
ethv*! propion3’lacetoacetate on ammonolysis gives a mixtme of ethyl 
propion3*Iacetate and eth3-l acetoacetate which is difficult to separate.^ 
ilethod 4^' - may* be represented as foUoyrs. 

RMgX 4- XCCHiCOjCiHs RCCHsCO-CsHs RCOCKiCO.CjHs 

XMgX 

The Grignard reagent may* react not only vrith the cyanide group, hut 
also yvith the ester group and vrith the active hy-drogens, resulting in mix- 
tures of products. It has been shovm that 1 mole of ethyl cy*anoaeetate 
is capable of reacting yrith 4 moles of Grignard reagent.-- It should be 
pointed out, however, that the ^keto^er is not contaminated yvith 
ethy*l acetoacetate as sometimes happens vrith methods 1 and 3. 

Cox, Kroeker, and McEIvajii, Am. Chem. Soc., 55, 1172 (1934). 

^ AbrarcoTTtch and Hauser, J. Am. Chtm. Soc., 64, 2720 (1942). 

*■' Bonveanlt and Bongert, Bidl. -toe. [3] 27, 1045 (19D2). 

Boareanlt and Bongert, BuU. toe. [3] 27, 1059 (1902). 

^ Blaise, Compi. rend.^ 132, 97S (1901). 

Bre^t. BuH. «<>c. cl.ira. 32, 356 (1923). 
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Method 5 may be represeated as follows. 

R-tec— co.n 555, acocH,co,H EcocH,co.c,Hi 

In general, the hydration of the acetylenic acids appears to give good 
fields of p*ketoacids,“ but the esterification of the latter may be diffi- 
cult. The use of the method is somewhat limited by the fact that the 
acetylenic acids or hydrocarbons are generally not readily available. 
Method 6 may be represented as follows. 

RCOCHj -h CjIUOCO,C,H, RCOCH,CO,CtHs 

This method consists in beating or digesting the ketone with sodium or 
potassium ethoride (or other alkoride) in a large «cess of ethyl carbonate 
(or other alkyl carbonate). This direct method appears to be veiy satis- 
factory for the sjTithesJS of .several of the higher acj-Jacetatcs, but it is 
not satisfactorj’ for the ^■nthesis of ethyl propionylacetste or ethyl 
isobutyrjdacetate.” 

In Table VIII are collected the jiolds that have been reported in the 
preparation of typical /J-ketoesters by these methods. The question 


TABLE VIII 


PSRCENTAOe YICLDS OF EtHTU ACYLACETATES RCOCHsCOiCillt BT 
Varioos MeTROi>s 


Acyl Group 
(RCO) 

Method 

Method 

2 

Method 

3 

Method 

4 

Method 

5 

Method 

0 

CHjCHjCO— 

11 

_ 

10-12 

10-60 

— 

T 

CH,(CH,},Ca- 

lP-22 

33” 

75* 

40 

T 

— 

(cnj)sCHCO— ■ 

— 

36 

— 

— 

— 

Poor 

CHj(CiraljCO~ 

IS 

— 

— 

13 

— 

— 

(CIIjI-CIICHjCO— 

“Poor” 

— 

“Excellent ' • 

— 

— 


CIIjCCIIjI.CX)— 

— 

— 

“ExceUent ’ • 

— 



CIIjCCIIiIjCO— 

23 

— 

— 

— 

76 

(crude) 


ciij(cni)BCo— 






CsHiCO— 

55-70^ 

42 

40-5S* 



60 


aViel<ja«ivtn tn for (he metiiYl eolueUles 
» OvM'»U yifJJ for bolb »nd »nui»oi«oly« 


’• Moureu and D« Lange. BuU. *ce 
Wallingford, nomeyrr, and Jonea. 


606(1903). 

Am, Ctem. See.. «». 2552 (IWl). 
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mark indicates that the method was used but that no 3 deld was reported. 
It should be noted that the yields given under method 3, with the excep- 
tion of ethyl benzoylacetate, are for the ammonolysis reaction only and 
do not include the yields obtained in the preparation of the acyl aceto- 
acetic esters. The yields given under method 1 are those obtained under 
“special conditions” with sodium as condensing agent and are calculated 
without taking into consideration the quantities of starting materials 
recovered unchanged. 

It can be seen from Table VIII that only one of the /8-ketoesters listed, 
ethyl (methyl, in method 3) n^butyrylacetate, has been prepared by at 
least five of the methods. This compound appears to be best prepared 
by method 3; however, the 75% yield does not include the acylation of 
ethyl acetoacetate.“ Ethyl isobutyrylacetate has been prepared in 
fairly good yield by method 2, while several of the higher aliphatic 
^-ketoesters have been prepared satisfactorily by methods 3,°* 5,®^ or 
6.®^ Ethyl benzoylacetate has been prepared satisfactorily by methods 
I a 2^80 3^96 and 6 ,®® the Organic Syntheses method being basically the 
same as 3, and the commercial method basically the same as 1. 

None of the methods described above appear to be satisfactory for the 
preparation of ethyl propionylacetate. One investigator reported a 
yield of 55% using method 4, but another obtained only a 10-12% 
yield by this method. Although Fischer and Orth ^ record a yield of 
60% by method 4, they point out that the preparation is inferior to 
method 3, in which the yield is only 10-12%. Ethyl propionylacetate 
has been obtained in fair yield (44%) by condensing the sodium enolate 
of ethyl acetate (prepared by means of triphenylmethylsodium) \vith 
p-diphenyl propionate.^*® In a similar manner, 7i-amyl propionylacetate 
has been obtained from the sodium enolate of n-amyl acetate and phenyl 
propionate.^*® In both cases essentially pure products were obtained; 
apparently the only disadvantage of the method is that a relatively 
large amount of triphenylmethylsodium is required. Ethyl propionyl- 
acetate has been prepared also from the sodium enolate of ethyl acetate 
and a large excess of propionyl chloride, but the yield was only 15%, the 
main product (39% jdeld) being the dipropionylaeetate.*® The latter 
on ammonolysis according to the second step of method 3 gave ethyl 
propionylacetate in a yield of 50%.*® 

(E) RCOCHRCO 2 C 2 H 5 . 1 . Special Case: RCH2COCHRCO2C2H5, 
in Which the Two Groups, R, Are the Same. Most /5-ketoesters of this 
kind are best prepared by the self-condensation of esters of the type 
IICH 2 CO 2 C 2 HS or by the action of ethanol on the appropriate diketene. 

®’^Shriner, Schmidt, and Roll, Org. Syntheses, 18, 33 (1938). 

Fischer and Orth, “Die Chemie des PyroUea,” Vol. I, p. 494 (1934), Leipzig. 
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The acylation of ketones mth ethyl carbonate is also satisfactory m cer- 
tain cases.” ^ ir r> 

2. General Case: RC0CHRC02CiHs (the Two Groups, R, May Be 
theSameorDiffereni). Theonly general method for the preparation of 
p-ketocsters of this tjT)e consists in the alkylation of u^ubstituted 
^ketoesters of tj-pe D, RCOCHjCOjCjHs- men prepared by method 
6 described above, the latter are obtained m the reaction ‘"the 

form of their sodium enolates and may be olkTlated dirertly. Simi- 
larly, the cleavage of acyl acetoacetic esters by means of sodium ethoxide 
gives the sodium enolates of / 3 -ketoeiters of typo D, which may be 
alkylated directly’.” 

_ N»OCiHt 

CH,COCHCO,C*Hi 
RCO 

aliphatic nitriles, followed by the alco 37-42% in sev- 

nitrile » The latter method has given over^aU yields of 37-12% m Be^ 

oral different coses." amon 

hcilcn -’“°S54 c.iucociircn ► 

C,II.C0,0,H,+ HCI1.L1N RC0CURC0,0.n. 

Ethj-1 ,^.be„.oylpn,pi<.n.tc h» prepay » 37% yield by the aeyla- 
tipp of propipphenoM mlh R.clICOCR-fiOMh. 

(F) RCOCR.COeC,He. '.ffi '' 0 „e J-ketoeeter »f this type, 
in Which the Four Grenpe f „p,„^ h, gppd yield by 

namely, ethyl -""hutyryh-^butyTO , ^ ^ P 

the self-cond‘’nsation of ethyl J B-ketoester is better 

night be ptep-at^ In a JiUStytTaTd Uobu.yayi 

prepared from the sodium enolate ol cmyi 

chloride.” prnrR-.CO^tIh. 

2. Gaieral Case: Certain p-ketoesters of this type 

R, May Be (he Same ^Wlation of compounds of type E or by the 
have been prepared by the alkyl the 

dialkylation of acylacctatcs aUcast in certain cases it 

complete symthesU . j^tcr method for the .ynthe-li ol 

is unsatisfactory. A more direct 
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compounds of the tj-p^ KCOCR 2 CO 0 C 2 H 5 consists in condensing the 
appropriate ester, in the form of its sodium enolate, mth a suitable acid 
chloride.*^ The jdelds are high (50-75%), and the products are of high 
purity. 

(G) Miscellaneous P-Ketoesters. Ethyl ethoxalylacetate and eth^'l 
formylacetate and their homolo^ are probably best prepared by mixed 
ester condensations (see p. 271). Also a number of cyclic j^-ketoesters 
are probably best prepared by ester-ester condensations (see pp. 274, 
275). 
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EITRODBCTIOIT 

The Mannich reaction consists in the condensation of ammonia or a 
priman* or secondary amine, usnaliy as the hydrochloride, tidth formal- 
dehyde and a compoimd containing at least one hj'drogen atom of 
pronounced reactivity'. The e^ntial feature of the reaction is the 
replacement of the acth'e hydrogen atom by an aminomethyl or sub- 
stituted aminomethyl group. The product from acetophenone, formal- 
dehyde, and a secondary amine salt is an example. In the equation the 
reactive hydrogen atoms are underlined. 


CcHsCOCHz -i- CHiO -r E-NH-HCI CtHiCOCH.CH;NR; HCl-H H:0 

The product from a methyl ketone contains reactive hydrogen atoms, 
and in some cases it is possible to carry the reaction one step further, 
yielding a compoimd -with two basic groups. 


CcH=COCH-NR.-HCl-i- CH;0 4- Kin'S- HC l ^ 

CtHiCOCH(CH:NE--HCl); -f H:0 

If the substance used in the condensation contains reactive hydrogen 
atoms on two or more diSerent carbon atoms, then substituted amino- 
methyl groups may appear at different jxiints in the molecule, leading 
to a mixture of isomers. 
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If the condensation is effected Avith a primary amine or its salt, the 
product is a sccondarj’ amine. 

C.HjCOCH, + CH,0 + RNH,- HCl ^ C.HiCOCH,CH,NnU -HCl + H,0 

In many cases the resulting secondary' amine reacts further to yield 
a tortiarj' amine. 


C,H4C0C1I,+ CH,0+ C«H»COCHtCH,NHR-HCl -» 

(c,njCOCH,CH,),N'R-irci + n,o 

Frequently such products, derived from two molecules of ketone, two 
molecules of formaldehj’de, and one molccuh of primar}' amine, are 
unstable and readily undei^o cycluation. The compounds obtained 
from acetone, formaldehyde, and mcthylainine are illustrative.* 


2CII,C0Cir, + 2CH,0 + HCl -» CHjCOCIli CIIi -* 

i i 

CBi CHi 

\ / 

N-HCl 


no CH, 
\ / 

ClIjCOCH CII, 

i 1 

CH, CH, 
\ / 
K-irci 
I 

CII, 


cn, 

I 

:oc CII, 

1 I 

CH, CH, 
\ / 
NHCJ 
1 

CH, 


cn,cocH cn 
I I I 

CII, CII, 
\ / 
.v-iia 


The product to be cvpecicd from a Mannich reaction involving an 
ammonium salt is a primary amine. In many ca.’scs, the primarj’ amine 
so produced reacts further, as aboTC, to fonn a socond-irj- amine, a 
tertiarv amine, or a cyclic substance. Tlic situation is further com- 
plicated by the fact that mcthylamine, produced from the ammonium 
salt and fonnaldehyde, also lakes part in the reaction. For example, 
the compounds shown above as products of acetone, formaldehyde, and 

•(a) Mannich and BaU, -Irr*. ttl, 6S Mannich and Riucrl, iJJ, 

JSI, lot (IffiMJ. 
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methylamine Iij'drociiloride are also obtained from acetone, formalde- 
hyde, and ammonium chloride.^- 

The first obser\'ation of a condensation of the t^’pe now known as the 
Mannich reaction was made by Tollens,^''- ® who isolated the tertian' 
amine from ammonium chloride, formaldehyde, and acetophenone. 
Later Petrenko-Kritschenko ^ and his students studied condensations 
of this kind but failed to recognize the reaction as a general one. The 
detailed stud 3 - b 3 ' Alannich, begun in 1917, was initiated b 3 ' the obser- 
vation that antip 5 Tine salic 3 'late, formaldeh 3 'de, and ammonium 
chloride reacted to form a tertiar 3 ' amine.* 


CHj 

N — CCHj 

/I 3 II 
SCeHsNi 

'^C — -GK 

n 

o 

Antipyriue 


-f“ 3CH2O ■ 




s 

\ 


CH, 

I 

N CCHi 


O 


N-Ha 


Since Aminop 3 Tine (IViamidon, 4-dimeth3-laminoantip3Tme) failed 
to react, it was evident that the reaction involved the h 3 'drogen atom 
of carbon 4 of antip 3 Tine. 

The mechanism of the Mannich reaction has not been established. 
The addition of the amine to formaldeh 3 *de has been considered as a 
possible primar 3 ' step.*®’* 


R=XH 4- CHjO -> Ei^rCHjOH 


The fact that, in the case of antipyrine, the reaction of dimeth 3 'l- 
aminomethanol gives a poorer 34616 of condensation product than either 
formaldeh 3 -de and the amine or formaldeh 3 -de and the amine hydro- 
chloride indicates that this view is not correct.® The possibility that 
the initial step is the formation of the methylol from the ketone has 
been examined. 


RCOCHs 4- CH:0 ^ RCOCH;CH:OH 

— See also Jacobson, J. Am. Chem. 67, 1999 (1945). 

van Marie and ToUens, Bcr., 36, 1351 (1903). 

^ Scbaier and Tollens, 39, 21S1 (1906). 

* Petreako-Kxitsciiento and co-TCorkcrs: (a) Ber.^ 39, 135S (1905) ; Ber., 41, 1692 
(1905); (c) Ber., 42, 2020 (1909); (d) Ber., 42, 3653 (1909/. 

® Mannich and Krosche, Andi. Pharm., 250, 647 (1912>, 

^ See Bnison and Butler, J. Am. CTiem. Soc., 6S, 234S (1946), 

^Xote the interaction of dialkyiaminomethanols vrith aitroparaSns. See for refer- 
ences, Zief and Mason, /. Op. Cheru, 8, 1 (1943). 

* Bodeadorf and Korale^ki, Arch. Pfjorm., 271, 101 (1933). 



THE SCOPE OF THE MANNTCH REACTION 


307 


Tho methj’lols of acetone and cjxIohexanoM do condense with dimethj’l- 
amine to give the expected products. However, the methylol from 
antipjTine does not react at all with dimethylaraine.* Apparently 
neither of these processes represents the primary step of the Mannich 
reaction. 

THE SCOPE OF THE MAKKICH REACTION 


The Use of Secondary Amines 
The secondarj’ amines which have been used successfully are listed 


in Table I. 

TABLE I 

Seco.vdaht Amixes k tm Maxxich Reaction 
D imethylamine 
IKetbjbmine 
IXttbfliiolainiDe 
Dipropylamiae 
Di-rcbutylaraine 
DiLoanylamiiie 
D)b«nzj iamiDe 

MethyldiethylethyUrediaaiine 
Methylasiline 


Piperidine 

1.2.3.4- TefrshydroisoquinoIine 
6-MetboiT-1.2.3.4-tetrfth}dro«oquinolinB 

Morphoboe 
Uperaooe 

•>-MelhyUiainopropiopbeot>B« 

^-Aeetyhtbylbenrylamine 
BeD*yl-(2-cyclol>«“'’“>hnethyIl-amine 

3.4- Methyl*iiedioTyb«!uy]-(2-cycloh«anoDyl- 
melbyl)*ainine 

Dimethj-lamins is vrrj’ teactivt and usually leai^ to escellert jaelik. 
Dicthylamiue appaars to be lesa reactive; it has breu report^ that 
the typical condensation does not take place tnth ethyl methj > 
diethylamine, and formaldehyde. On the other hand tormaldehjde 
and this amine do give normal 

acetone,* acetophenone,*® and several derita lies o e . 

has been reported that 2nicet) l/ntan and formaldehyde react J 

with salta of dimethylamine, dipinp, lamme, di-a-bntylai^e, and 

diethanolandne.butnotvriththesaltofdicthylammc. 

where dimethylamine, dictbylamine, “** 

good re^wilts, di-a-bntylamine and dicthanolamme have 

The cyclic secondary amines mentioned atove geneinllj react atort » 

well i dlmethvlaminc. However, dicj-clohewlamme and tetrah, 

droqninoline »■“ are said not to take part in the reaction. 

» Eermack and Muir. /. Cl,em. Sot, SOW (193». 

• du Fau. McQuiUin. aiid Robinaon. 

• Manmch and Sohati. Arth. Phorvu.^. 

« Bbcke and Burrkhaller, /. Am. Chmn <^1 (IW-). 

’I Mannich and Lammenng, Ber.. #5. ““ 

» Mannich and Dannchl. Arch. ^ 

“ LevA-y and Nisbet. J. Chtm. Sot, ,,g41) 

;; b™, Bn-n,.. S a.. 

Bureer and MosetUg, J. Am. CA«M. Sot, »». 
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With. Ketones. Saturated ketouK. cycloalkanones, a.S-unsatiirated 
ketones, aliphatic aromatic ketones, including those in vrhich the 
aromatic ring is heterocyclic, and certain heterocyclic ketones con- 
taining a carbonyl group in the ring all undergo the IMannich reaction 
irith secondary amines, usuallj* in good yields. 

In Table H are listed ketones which have been treated with formal- 
dehj'de and salts of secondary- amines with the successful formation 
of a ^-dialkylaminoketone. In the formulas the replaceable hydrogen 
atom is imderlined. A detailed list of the ^Mannich reactions involving 
these ketone is ^ven in Table ^ , p- 331. 


4 

CHjCOC— H 
Asetozs 


TABLE n 

KETOS 23 nr the ALtrrsicH RsAcno:,- 
AJipf^ic Keimet 
H 

CHjCOCCH, 

H 


CHtCHsCOCCHj 

H 

nietiyi 


ECH=CHCOC— H 
H = zziztL 


CH,COCCH-CHj 

H 

H 



cr a^rSjl 


CydocJkanoTLd 

CH. 

/ \ /H 
RCH C< 
i ! 

CH; CO 
\ X 
CH 
! 

R 

H CT CH, 




CHx 

( 

CH 
X \ 

CH: C< 

! ! \h 

CH: CO 
X \ 

H CH(CHj): 


H 

I 

ECOC— H 
i 

H 

R = , 

2 - ^ 

o-frrrji], 


Aliffjziic AroTTjAic K€tfmcz 


X® 

X''Nr''^^oc— H 

Ns 
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WITH ALDEHYDES 
TABLE IT— Cm/inufti 

Ketones in tke AIahnicb Reaction — Continued 
Aliphatic AnmaHe Ketones — Continued 




2,3,44etj»bydro. 

urbtiol* 


CH,N CO 
C,H, 


Htleroeydic Ketones 

OC CH 

cn,N 

C,H. 

ItOBobpyno* 


ITie following ketones have proved to be unreactive: o-aimnoaceto- 
phenone and its acetyl and bensoyl derivativ^; “ m-aminoace op enone 
(the acetyl and benzoyl derivatives do react in this case ), p-ace 
noacctophenone;» and ^-tetralone.“ l-Phenyl-S-methylpyrazoIone-S, 
l.phcnyl-5-inethylpyrazolono^ " and barbitunc acid do not react. 

With Aldehydes. The behavior of aldehydes m the Manmch ruction 
is simUar to that of ketones. The o-hydrogen atom of the aldehyde 
is substituted by a dialkylaminometbyl group. A swondao’ reaction 
which sometimes oecure involves the simultaneous introduction o a 
methylol group on the a-carbem atom.'* 

•• Mosfttig »nd M.y. /. Orj. Chtm^ #. 52S 

V NUnnich »nd KAther. Arc}>. PHann., SSt. IS <1919). 

>• Mkntucb, Lesser, And Btr ^ 6S, 378 (1939. 
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With Ketones. Saturated ketones, cycloalkanoncs, ci:,.S-unsaturated 
ketones, aliphatic aromatic ketones, including those in which the 
aromatic ring is heterocj'clic, and certain heterocj'clic ketones con- 
taining a carbon 3 d group in the ring all undergo the Mannich reaction 
with secondarj' amines, usualK’ in good jields. 

In Table II are listed ketones which have been treated with formal- 
dehj'de and salts of secondaiw' amines with the successful formation 
of a ^-dialkj’laminoketone. In the formulas the replaceable hj'drogen 
atom is underlined. A detailed list of the Mannieh reactions invohing 
these ketones is given in Table V, p. 331. 


CH,COC-H 

J-jxiazi 


TABLE n 

KETOjrES C.' THE MaJOUCH REACITCCr 

Aliphatic Kdrm&t 
H 

CHjCOCCH, 

H 

2'ieihjii eihy) 


CHjCHsCOCCH, 

H 

Di^rtfcyi kctcce 


ECH=CHCOC^H 

R = phrayl, 
or o-furj'l 


H 

CHaCOCCHjCH, 

H 

2'Seihy} propyl 
ketose 

■H 



P. H or CBt 


CydocUlpinone^ 

CHj 

RCH 

i l^h 
CH; CO 

k 

n = Bct chz 
CycJoh exssos t 
Z-Metiiyl-rycIokeiaaone 
4>Metb>igyc!obezaaose 


CH, 

in 


/ \ /H 
CH, C< 

( I \h 
CH, CO 


^c( 

^ '^CH(CH,), 


ileEtbone 


H 

I 

ECOC— H 
I 

H 

R= 

2 -, 

or &-pL«ri^r.tl.T 7 L 


Aliphatic ATonuUic Ketcmet 



^Acetctetralia 


CH, 

CHi 


O 

ct-TetrrJoa® 
O-lIctii oxy-oHetrzl oss 
6-Acetoz7 -ts-tetralone 

TrAcetoxy -tf-tetraloae 
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TABLE 11 — Continued 

Ketoves is the Mansicd IlEAcnos — Continued 
Aliphalie Aromalie KeUme»-~Co7iitnued 




BydrAph«nka(br*a*. !• 
t*(ttbs'4(oph«n4ftihr«n* 




C1I. C . cil 
cn.iii cx) 




C,II| 

AsUpynao 


lltlewyclie Kelonet 



TI.e tollowme ketones ImTe proved to be unrcoctive: ►™aceto- 
phenone and its acetyl and benroyl derivatives; n m-«nnnoaeetephenone 
(the acetyl and benzoyl derivatives do react in this ciee -)l p-acetoim - 
noaeetopLnone;!' and 0-telmlone.“ l-Phenyl-3-methytona.olon^5, 
l-phcniWmcthylpyrazoloned," and batbiturie acid do not react. 

With AldehydL. The behavior of aldehydes in the 
is similar to ihat of ketones. The rohydrogen atom ■>' «>' 
b substituted by a dialkylaminomethyl group. A 
nhieh sometimes occurs involves the^simultmieous introduction of 
methylol group on the ar-carbon atom. 

“ Mo«tti6 and May, J. On- ^^919) 

"Mannith and Kather. 

>* Mannich. Lcaaer. and Silten. Ber„ «S, 378 (1912). 
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(CH3);CHCHiCHO - f (CH2)2XH-HCl-r CH-O 


CH 5 OH 
1 

(CH3)-.CHCHCH0 -f (CHi);CHCCHO 

i 1 

CHiX(CH,); CH;X(CHi)i 

In the case of acetaldehj'de the only product isolated is one of more 
complicated nature in -which two dimethylaminomethyl groups and one 
methylol group have entered the moleculed’ 

(CHjIiXCH. 

\ 

CCHO 

/! 

(CHj)iNCH; CH:OH 

The aldehydes have been less extensively studied than the ketones 
and there are recorded merely the condensations of acetaldehyde, 
propionaldehyde, but^Taldehyde, isobutyraldehyde, isovaleraldehj'de, 
and hexahydrobenzaldehyde -vrith dimethylamine or piperidine hydro- 
chloride. The products from the reactions are shovm in Table V, p. 3-31. 

With Adds and Esters. A number of acids containing highly active 
hydrogen atoms in the a-position can be used instead of aldehydes or 
ketones. When an acid is emplpj-ed the free secondary amine, rather 
than its salt, is used. The acids -which have given satisfactory results 
are listed in Table III. The replaceable hydrogen atoms are underlined. 


TABLE m 


Acids rx -the ALuouch Rsicnos 


CXCHiCOjH 

jr-NOtCfHiCH-COsH 

CtHsCOCHtCOiK 

oSOiCcEUCH(OB}CO^ 

CHiCOCOiH 

CHiCOCH^CO^ 


CHiCOCH(R)COsH 

CH;(CO^H); 

ECH(COsH): 

ECHtCO-POCOiH 

CeHjCOCHiCHtCOiS); 

HOiCCHiCH(COiH)j 


The replacement of a lone active hj-drogen atom is illustrated by the 
reaction of ethylmaloiric acid, formaldehyde, and dimethylamine.*^ 
CO.H CO;H 

* t 

CHjCH-CH -r CHiO -h (CHi);NH CHjCH;CCHjN{CHj); ^ H-O 
i < 

CO^ CO;H 

A side reaction which often occurs involves the decarboxylation of 

^ iisnnicb. Gsiiz, Ser^ 55, Ci&22). 
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the acid, as in the condensation of ethylacetoacetic acid with formal- 
dehyde and dimothylamine *® 


cii,cii,cn + CH,o + (CiroiNH - 


Cn,CH,CIICH,X(CH,), + CO, + H,0 

1 

COCH, 

In those oases where two dialkjdamino groups enter the molecule, 
carbon dioxide is invariably eliminated. 

With Phenols. The o- and p-hj-drogens in phenols are sufficiently 
active to enter into the Maimich reaction. Thus, products from 
phenol,**'-'” 4 -aeetaminoplienol,*‘ o~ and p-cresol,“ m-cresol,“ 3,^ 
dimelhylphcnol,** 2 -raethyl-l-cfliylpheDol,*= 2- and 4-inethoxyphenol.» 
5-naphthol,” and 8-hydrox>'quinolino *' with formaldehyde and di- 
methvlamlae or piperidine or morpholine, have been reported. From 
p-crwol a mono- and a di-substitution product are obtamed, and from 
phenol and m-cresol, trisubslitution products 


Intcmclion of 2-metl»l-0«thylph™ol, (o^aldd.yde, .nd • 

pb™ i, reported to yield » bKIpb ot 

phenol) and l-(diinethyl3ininometho'tj-)-2-iiiethy 1-C-ethy Ibe . 

With Acetylenes. Phenylncelyleno and certaB snbst.tuted phmyl- 
ae^f. sueh B, the 2 -ni.ro. 2 -aBi.o Brd 4-Be.hoxy denrBt.ves 
reaet readily nith tormnldehyde aird secondary amBes. 

C.II.C=CH + CH.0 + (C.Hd,NH C,II,0=CCH.X(C,H.), 


Mannich end Bauroth, B<r.. Bl. IIOS (1924). 

Ger. pat., 92 . 309 ; Frdl.. 4 . 103 (IS99). 

Dfirombe. Compt. rtnd.. 196. 

..d S,.cSM.n. J “ jSVlW . 

Caldwell and Thompson. / Am. ft-*- 

D^combe, Compl. rend.. 197. 25S (1®®^). 

Manmch and Chang. Ber.. 66, 418 (1933). 
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With a-Picolmes and Quinaldines. Since an a-meth^d group in a 
pyridine or quinoline nucleus has h}'drogens of about the same acti\nty 
as those in the methyl group of a methyl ketone, the Mannich reaction 
might be expected to take place Trith such molecules. a-Picoline,^‘ 2- 
methylquinoline (quinaldine), 2-methyl-4-hj'drox5’quinoline,-* 2- 

meth3'l-8-nitroquinoline,-* and 2-ethoxy-4-meth3dquinolme have been 
condensed -nith dimethjdamine, diethjdamine, meth3ddieth3'lenediamine, 
piperidine, and methylaniline, either as the free amine or as the amine 
h3'drochloride. Thus, a-picoline, formaldeh3'de, and dieth3'lamine 
3-10^ 2-(/S-dieth3'laminoeth3d)-p3Tddme.-‘ 


The Use of Primary Amines 

The primaT3' amines listed in Table Fi' have been used Euccessfull3^ 
in the Mannich condensation. 



T.4BLE IV 

Pehiaet Ainsns is the Maxkich Reacxiok 


Methylamine 

Ethylamine 

P-Hydroxyethylamine 

P^CMoroethylamine 

Allylamine 

Benzylamine 


p-Phenylethylamine 

Ethylenediamine 

Ethyl aminoacetate 

t-.immoacetophenone 

Tetrahydrt>.^naphthylaiiiine 

■■tniline * 


3, 4-MethyIene-<iioxyben2ylainine 
Hydraz in e and guanidine,*' have failed to react. 


* Reacts only hi certain instances. 


With Ketones. When a primary amine or its salt is used in a Mannich 
reaction the first- product is a secondar3' amine, but this often reacts 
•with more of the reagents to give a tertiar3' amine. Aliphatic ketones 
and primary amines give rise to a number of products; for e.xample, 
four substances have been isolated from the reaction of formaldeh3'de, 
dieth3*lketone, and methylamine h3’droch]oride.*’ The structures of 
some of them are still in doubt (see also the reaction of acetone, mcth3-l- 
amine, and fonnaIdeh3'de, p. 30.5). 

Tseo’j Ht-ou-Feo. Compt. rcr.d^ 192, 1242 (1931). 

^ Gcr. pat.. 497.907; Frdl„ 16, 2069 (1031). 

-• Mannich, Arch. Pfjirm., 255, 2G1 (1017). 
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With Aldehydes. Apparently the only knorni reaction involring an 
aldehyde, a primarj’ amine, and formaldehyde is that of isobutyral- 
dehyde and methylamine.” 


(CHjIiCHCHO + CH,0 + CHjNHi -» (CH,)jCCHO 

I 

CH.XHCHi 

With Acids and Esters. The l^Iannich reaction of primary amines 
wth acids containing active hj’dn^n atoms leads to the same tj-pcs 
of compounds as described abow in connection with secondary amines. 
As might be expected, the first product often undergoes further con- 
densation to form a tertiary’ amino. Tlie reaction of methyIm.alonic 
acid, formaldehj’de, and metliylamme is an example.” 


CO,H 

I 

2CH,CH 4- aCIliO + CH,NH. - 


COjH \ 

I \ 
cn,c — cii» ^ 


a primary’ amine is used with a polycarbonyl compound wliich 
contains reactive hydrogen atoms on carbon atoms located in tho 
l,3-po8itions rsith respect to e.ach other, then cyclic products may be 
expected. Thus, esters of a,«-diethybcetonedicarboxylie acid react 
tvith formaldehyde and mcthylaminc to give pyridoncs.” 


C,il» CO Cjn» 
RO,C— CII CII— CO,R 

CHiO CIIjO 

II H 

\ / 


CjII» CO C,II| 
RO,C-Cs sC-CO,R 

I 1 

IliCe rCH, 
\i/ 


If the pyridone contains hydrogen atoms on tho 3- and 5-earbon 
atoms, the condciuiation mav be carried one step further and a bicyclic 
sj-stem may be produced. For example, the pyridone obt.aincd by a 
reaction of the Mannich type from methyl acctonedicarbop-Iato, 
acetaldeliydo, and mcthyl.iminc can be condensed with formaldehyde 
and methylamine.“ 


** Minoith and Wiwlffr, Her., 69, S'dS ( 1 * 02 ). 

” Mannirh and Rather. Her . 91. 13«5 (1920). 

“ Mannirh and Schumann, Per.. 99. SSO-) (1936) 
” Mannich and Viet, i)rr., 98, 906 (1935). 
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COtCKz 


COiCHs 


j 

CHiCH— CH GHiO H 

CHsCH 

! 

XH; 

1 ! \ 

f 

t 

J 

{ 

1 

CHsX CO XCH 3 

-> CH 3 X 

CO 

XCHs 

! ! / 

1 

t 

1 

[ 

CHsCH— CH CH.O H 

CHsCH 

XH; 

1 

COiCHj 


COjCHs 



The name ‘Tispidin’'* has been suggested tor the bicvclic ring system 
produced in such reactions.^' 

This reaction can be used to build up tricyclic systems. Thus, the 
hydrochloride of methyl tropanone-2.-4-dicarboxylate reacts in the 
same ■nay as the pyridone above.® 


CO.CH: 

i 


CH; CH 

! i 

CHiX-Ha 

1 ] 

-CH 

! 

CO 

1 

CH;0 

CHr CH 

-CH 

CHiO 


I 

CO;CH- 


CO.CHz 



c 

Ml CH 

— c 

— CH, 


~ 

i 

CHiX-HQ 

f 

GO 

1 

XCHi 

j 

( 

M: CH 


CH: 


CO2CH3 


A similar reaction occurs ■when a tetrahydropyrone derivative is 
used in place of the pyridone. For example, a bicyclic product is 
obt^ed from ethyl dimethyltetrahydropyronedicarboxylate, formal- 
dehyde, and methylamine. 


COiCiHs 

I 

CHjCH— CH 

1 1 

0 CO 

1 i 

CH:CH— CH 

I 

CO1C-H5 


CHiO 

H 

H 

CHiO 


CO-C-H5 

1 

CH:CH C CH; 

: 1 ! 

0 CO ^XH4 

1 ; < 

CHjCH C CH. 

COiCiHs 


It has l«en suggested that the bicyclic ring system so formed be termed 
the ‘^ydin" nucleus. 

■With Phenols and AceMenes. Xo Alannich reactions involving pri- 
mary amines and either phenols or acett-Ienes have been reported. 

■With a-Picolines and Quinaldines. Of the compounds containing a 
methyl group in the 2-position of a pj-ridine nucleus only 2-methyl-S- 
niiioquinoline has been treated ■reith a primary* amine and formalde- 

« 1::^ Moh*. 63. COS (lESOj. 

“ a.=S Mari. Sfr., 63. £.05 flSSO}. 
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hyde. The amino used was ethylanune, and the product was a tertiary 
amine.’* 


. + CH,0 + C»HtNH,-HCi - 


IcHsOHJ NCjIIrHCl 


The Use of Ammonia 

With Krtones. A ptirnttry wnine is the first prsd-ct to b» Expected 
from a Mamticli reaction in nhich ammonia or an ammonium salt and 
formaldehyde react tvith a compound contaimnB an " 

atom. With the simple ketones stibsequent 
amine so formed usually leads to the production of ‘"‘“y 
Saits of certain of these primary and “1° 

isolated and found to be slnble, but the frto buses '’’“f ‘ ° 

.mto.. The dispmportionation of the pnmary and secondary amines 
obtained from nLophenooe, formaldehyde, and ammonia 

3C.n.oociiiCn.Nii. -> (C.n.cocii.cii.).N + 2N11. 

3C0.H.C00H.CiI.).NIl - 2(C.II.COCH,OH.).N + Nil. 

V • a y...a.i5c nmdiicls lire obt.'iined from ketonos, am- 

In From acetoplicnonc. ammonium chloride, 

monia, and formalacnjac. a*vw «• Kr.l f.ved 

03-benzoylcthyl)-amine.* 

c.ir. OH 

\ / 


c.n.cocii oil. 
cn. oil. 

ciiiCn.coc,H. 

U.h ...1 tl"- «’• <‘“® 


(C.n.cocH.ciid,Nnci 
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With cj'clohexanone the tertiary'’ amine is obtained directly,® in 
analogy with the reaction of antipj^rine ®’ (p. 306 ). 

The formation of cychc products derived from methylamine, by 
reaction of acetone, formaldehyde, and ammonium chloride, has been 
mentioned (p. 305 ). The reaction with diethyl ketone takes a similar 
course, producing a trimethylpiperidone.^® Presumably, methylamine is 
first formed from ammonium chloride and formaldeh3’^de. 

With Acids. From the reaction of benzj^hnalonic acid, ammonia, and 
formaldebj-^de both a primaiy amine and a secondary amine have been 
isolated.^® 

COaH COaH COaH 

1 I 1 

CeHsGHaCH CsH'sCHaC— CHaNHa (CeHBCHaC— CHa)aNH 

1 1 1 

COaH COaH COaH 

In the case of phenj’’lmalonic acid a primarj' amine is produced and 
decarboxylation occurs when ammonia is used.*® 

COaH 

1 

CgHsCH CeHsCH— CHaNHa 

1 i 

COaH COaH 


Wien ammonium chloride is emplojmd the decarboxjdated secondaiy 
amine is obtained.*® 

COaH 

1 

CeHsCH (CsHsCHCHalaHH 

1 1 

COaH COaH 


RELATED REACTIONS 

Aldehj-des other than formaldehj-de maj' be used in certain con- 
densations of the jMannich ti^pe. Those which have been studied are 
acetaldeh3’de, phen3-lacetaldeh3'de, beazaldeh3'de, and anisaldeh3'de. 
These have been emplo3"ed successfull3' with acetone, c3'clohe.xanone, 
and esters of acetonedicarbox3'lic acid. The reactions appear to be 
limited to ammonia and primaiy amines and their salts. With acetone, 
aniline, and benzaldeh3'de a piperidone is obtained.'*'* 

Mannich and Braun, Bcr., 53, 1S74 (1920). 
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/ \ 

CHs CH, 


NH, 

I 

C»Hi 


/ \ 

CH, CH, 


C,HsCH CHC.H. 

\ / 


I 

C,H, 


An open-chain product is formed from cj^clohexanone, phenylacetalde- 
hj'de, and benzylamine.** 

C.U* CtH» 

i f 

CH, CH, 


O. 


CHOHjNCBtCiII, 


a 


CH—XECEiCtHi 


Substituted piperidoaes are alwa.%-s produced when esters of acetone- 
dicarboxylic acid are employed, as in the reaction of the methyl ester 
with aUj’limine and beo^debyde ’• 


CO 

y \ 


CHjCOiCU, 


\ y 


CO 

y \ 

cirjO^:cH cncOsCH, 

I I 

C,H,CH cnc,H, 

\ y 

N 

I 

cii,cii=cn, 


cn,cn=cH, 

Similar piperidones have been obtained by substituting for allylamine 
the /oUomng; ammonia.** metbylamine.** etbylamine,*^ and ^hydroT>-. 
ethylamine-’* by emplo>-ing acetaldehj-dc. instead of benraldehydc, 
nith ammonium bromide,” methylaminc." benrjlamine,” and ^-pl^n- 
ylethylamine;” and by using allrfamine. anisaldebi-dc. and methyl 

acetonedicarbovjbto.’* 
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THE APPLICATION OF THE MANNICH 
REACTION IN SYNTHESIS 

TJnsaturated Compounds 

Preparation of Ethylenic Compounds. The most characteristic prop- 
ertj' of manj'^ of the products obtained in the iSIannich reaction, especiall3' 
those derived from secondaiA’^ amines, is the decomposition into the 
amine and an unsaturated compoimd. The various condensation 
products exhibit videlj' different stabihties. Some can be distilled 
\mder diminished pressure, but most of them imdergo decomposition 
■when heated or subjected to steam distillation. 


CsHuX-HCI (Ref. 40) 


CeHsCOCHiCHoXfCHjjj-HGl CeHsCOCE^CB:. -h (CHsl^XH-HCl 

(Ref. 41) 

(C6H5C0CH«CH;)2XCH3-HC1 C6H5C0CH=CH2 4- 

CeHsCOCHiCHjXHCHa-HCl (Ref. 41) 

a CHiXCsHio-HCl 

0 -"LJ-o 

CHsCHCHO CHsCCHOd- (CH3)2XH-HC1 (Ref. 42) 

CHoX(CH3)a-HCl CH; 

In a few cases the products from IMannich reactions decompose 

spontaneous^. Thus, from monoethjd ethylmalonate, formaldeh^-de, 
and diethj-lamine there is obtained directh* ethjd a-ethylaciylate; 
undoubtedlj-, this is formed by elimination of carbon dioxide and diethyl- 
amine from the primaiy reaction product. 


COOH 

1 

C^HsCHCOOC.Hs H- H.CO 4- (C.Hs):XH 


COOH 

I 

C2H5CCOOC2H5 


CH:X(C;H5): 

4- H 2 O — » CjHjCCOOC-Hs 4- H;0 4- CO- 4- (C-Hs).XH 
CH. 

Other ^-dimethj-laminoketones are sufiicientb' unstable that they 
aecompose in the presence of sodium ethj-late or dilute alkaline solu- 

Mannicli and Honig, Arc^, Pharm^, 265, 5&S (1927). 

Mannich and Heilner, Bct^ 55, 3oG (1922). 

Mannieh and Baiiroth, Ber.^ 55, 3^>i (1922). 

Mannich and Ritsert, Ber., 57, 1116 (1924). 
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tions. Addition of sodium carbonate to an aqueous solution of 2-nitro- 
^-dimethylaminopropiophenone hydrochloride or 3-acetyIamino-^-di- 
methylammopropiophenone hj’drochloride results in an immediate 
liberation of dimethjdamine.** 

In some cases, when two carboj^’l groups are present one is eliminated 
during the decomposition.^ 

(HOOCl.C— CnsN(CII,)»^ HOOCCHOnCHiN(Cir,)s + nOOCC=CIIj 

■l I 

OH OH 

HOOCCOClIi 


Tliis process, when a monosnbetituted malonic acid is emplojod, 
as a satisfactory’ method for synthcsiiing various a-aryl- or o-alkyl- 
acrylic acids.*- 


(HOOOjC— CH sNCClWt 
1 

R 


H0OCC*=CHi (CHj)jNH + CO* 

I 

R 


Curler and Jones," in the preparation ot o-henrylacrj-he acid, found 
reflueing the Mannieh hose in neutral aqueous solution to be an cxeellent 
method for the decomposition. . . . . 

When the active hydrogen atom in the compound 
maldehyde and a dialM-nni'" ’’T? 

decompose to an elliylerue substance and hence pmsumobly w ^ 
compose under hydrolytic eondilions to the 

hyde, and the odsinal compound. Tins IS dlustrate,! I>y >1» *“”>1™ ' 

tion of dimethylaminomcthylanlipynne to antipjmne, i 

and formaldehyde, when Imatrd with an aqueous solution ot sodium 
sulfite and sulfurous acid.’’ 



h (cn,),xii 


CH,C=— CClIjX(CII,)j 

CH,i CO 

\ / 

N— c«n* 

Preparation of PyrazoUnes. Another " 

intermediate formation of an cthylonic ! « [jpmonstratcil 

pyrar„li„<„bytheaclionotpl»nylhyalmsme. Kohler demon-lra 


“ n. E. Carter and R. C. Jonr*. pnrat* rommomr 
“ Kohler. Am. Cktm. J.. 4J. 374 (1909). 
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that phenyl %Tnj'l ketone and phenylhj’drazine reaet nith surprising 
ease to yield 1,3-diphenylpjuazoline. 

CH 2 — CH 2 

C6H5C0CH=CH2 + C 6 H 6 NHXH 2 1 I + H 2 O 

CeHsC XCeHs 

When /S-dimetbylaminopropiophenoDe bydrocbloiide and pbenylby- 
drazine react in the presence of sodium acetate, 1,3-diphenylpj’razoline 
is formed.'^' In some cases, the intermediate products must 

be treated with ethanolic hydrogen chloride to effect the cyclization. 

C6H5C0CH2CH2N(CH3)2HC1 + C 6 H 5 XHNH 2 

CeHsC— CHiC&XCCHa)-. HoC CH. 

i| I I 4 - (CH3)2^^I 

X—KHCcHs CeHsC XCcHs 

\ / 

X 

It is not impossible that the initial phenylhydrazone decomposes to the 
phenj'lhj’'drazone of the phenjd \nnyl ketone, which then cj'clizes to the 
1,3-diphenylpj'razoline. Such a mechanism is supported by the work 
of Xisbet,^®' who observed that the phenylh 3 'i-azones of ;3-dialkj’l- 
aminoketones derived from a,^imsatm-ated ketones isomerize readilj' 
to pjwazolines and in so reacting make use of the double bond alreadj" 
present in the molecule. 

RCH CHo 

RCH==CH— C— CHiCHoXRi'-HCl-^ ] | 

11 R"X C— CHiCHoXRs'-HCl 

R''HX— X \ ^ 

where R and R"= aryl "V 

R' = ali.-yl 

Some of the l,5-diaryl-3-03-diaIkylaminoeth3'l)-pjTazoline salts were 
shown b 3 " Xisbet “■ to be local anesthetics. 

The Use of a M anni ch Base as a Source of Unsaturated Ketone for 
Condensations with an Active Methylene Compoimd. A reaction which 
offers man3' possibilities in S3'nthetic work is the condensation of ;3-di- 
alk 3 'laniinoketones with active meth 3 'lene compounds in the presence 

Jacob and Madinaveitia, J. Chem. Soc^ 1929 (1937). 

<• Harradence and Lions, J. Proc. Roy. Soc. N. S. TVaZ*!, 72, 233 (193S). 

*5 Harradence and Lions, J. Proc. Roy. Soc. X. S. Wales, 73, 14 (1939). 

« Nisbet and Gray, J. Chcm. Soc., S39 (1933). 

5’ XUbct, J. Chem. Soc., 1237 (193S). 

S' NUbct, J. Chem. .Soc., 15&S (193S). 

ss Lerr-y and Xisbet, J, Chem. Soc., 1572 (193S), 
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of sodium ctlioxide. Apparrntly a pradua! formation of «,/3-unsaturafcd 
ketone r«<\ilts in a smoother addition reaction than is possible when tiie 
o^-unsaturatwl ketone is us«i directly in the Michael condcr^tion. 
For example, by a condensation with nectoaeetic ester Mannich con- 
vertctl 2-dimethylaminomethylcyclohexanone to a /3-decalone derivative 
in excellent yield ; the product was subsequently degraded to ^-decalone. 



Cir,N(CHi)i 


cniCociiiCO,Ciir» 



\C0 

^CIICOiC.H. 

CiU 

OOi>COi»^CO 

>«hde. A PO*” ^ methylene compound in the presence 

a lo,,cJ to rooct Tl.e advnotago ot tho methlodide 

of sodmm omidc or 'y, fc i„ thp libcnitioi. of the «,d- 

over the JUonich .„d greeter reectivd^^^ The 

unjoturoted ketone at l» Hobton's mod.Ccat.on, 

fdloninE tno syntheses illostrate no 

1^^^° + cn.cociidfn.x(c.n-)>™- ^ (C.iid.xcir, + 

CHj ^XT ^ 

r"!!. /^O 

cf >-03' ^q? 

3 ^ch/ ™* 

cn. 

.nd BorWowsky. 70. 355 (1937). 
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CBz Q 

+ CHjCOCHzCOzCsHs ^ (C2H5)2XCH3-HI + 

CH2N(C2H5)2CH3 


CH3 0 

^ ^co 



\ / 

CH: 


CHC02C2H5 



Conversion of a Ketone to Its Next Higher Homolog. Reduction of 
the unsatnrated ketone obtained b 3 ' decomposition of a ilannicb base 
leads to a ketone vdth one more methj’lene group than that used in the 
preparation of the Alaimich base." 


(p) CHsOCeH^COCHj -> (p) CH„OC6H,COCH2CH2X(CH,,)2 HCl 

(p) CH30 CcH 4C0CH=CH2 (p) CH30C6H4C0CH2CH3 


Syntheses Dependent on the Active Methylene 
Group in the Aminoketone 

Advantage can be taken of the active methjdene group in the /S-di- 
alkj'lamino carbonjd compounds for the ^mthesis of products other- 
vise inaccessible. Thus ^-dimeth 3 'laminoethj'l meth 3 d ketone and o-ni- 
trobenzaldeh 3 ’de react to give a product which upon reduction loses 
water to form a substituted quinoline.^^ 


CHO 

jf^ + H 2 C— CH-XfCHj)- 

COCH, 



C— CH 2 X(CH 3)2 


■ xo, COCH, 


CHiX(CHj): 
\X^CH2 


An analogous reaction ma 3 - l)c used for the preparation 2-(;3-piperidin- 
etli3'l)-G,7-meth3-]cncdio.\'3-quinoline.'' 

Manni-'h nnd Reichert, Arcf,. Phnrm., 271, 110 (ly-TJ). 

Mannish and SebilHn;;, .-Ire/.. Pf^rm., 276, 552 



REDUCTION TO AMINOALCOIIOLS 

Syntheses Dependent on the Actmty of the Dimethylamino 
Group in Dimethylaminomethylphenols 
The products obtained by the Mannidi reaction \vith phenols have 
possible sj-nthetic uses in the introduction of methyl groups into the 
phenolic ring. Thus, ^-dimethylaminomethylxylenol is readily hydro- 
genolyzcd to 2,3,5*trimethylphenol.** 

OH OH 

CII. cii,IO^cn. ciiJOcii. 

It aba b«„ demomteted that «-hca th»a 

are treated a-ith acetic anhydride the „ 

by aceloay grenpa.” 2,4,l)-TrHdireethyh,m.nometh.vl)-phenol ,a con 
verted into 2,4,6-tri-(acetox)’metliyl)*pb«^nyl acetate. 

OCOCIIi 

(OH.,.KCH^cn.N(C...., ^ cibCoocQciwcocn. 


Reduction to Aminoalcohols 
The d-^ubstituted aininokctonM or 

to the corresponding '»'®"“2mg'kctoncs,' Tl'iis procedure provides 
more stable than the ,f i,„„lMhois. When the ketone 

an unusually good “"t” ^ ‘ „ „„e is inttoduee.1 uhen 

contains an osjunmetne two ihfisterroisomcnc 

the carbinol is formed, and «. «g 

modifications have hem ' , „ j, tormtes and p-nminm 

The r-antinoalcohois, « „„d many such physim 

benzoates, find appliearion as Iw „,„,„Bh tl.o Mann.cli 

logically active compoun^J»a ^ ^ commercial local anesthetic 

reaction.'- ”• . rti,fni„cl by n'duction of the Mnn- 

Tutocaine is made from the 8 ethyl methyl ketone; 

nich base from dimcthylamine, 

“ Mannich and Curtai. ' 

»’ Mannich. s4rch. rharm.. «»• IT#. 51 tmU. 

“ Mannich. Horkowsky. m'd tlWOl. 

Mannich and tM. 77 <«••»)• 

*" Mannich nnd Stem. tT*. 575 tlftlS)- 

•> Mannich and 5N'> 0»-*7) 

•> Mannich nnd Hof, .l-rh. I . «». W7 (lO-'fl). 

•> Mannich and llorkhcmicr. .4rf*. I 
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the alcohol is converted to the p-aminobenzoate, and the latter is used 
as the hj'drochloride. 

(p) HiNCsHiCOOCH— CHCH.N(CH3):-HC1 

1 i 

CHs CHj 

Tulocaine 


Products Derived by Transformation of the Aldehyde 
Group in P-Diallg^laminoaldehydes 

Certain of the ^-dialkj'laminoaldehydes can be transformed into 
piperidine derivatives. Thus,. of.or-dimethyl-jS-dimethylaminopropional- 
dehyde is converted into 1,2,5,5-tetramethylpiperidine.’’ 



The aminoaldchyde aI.=o may be transformed into the corresponding 
amino acids ” by the foilov.-ing series of reactions. 

(CHsl-.C— Clio -* (CIIj);C— CH=NOn — 

j i 

Cn:N(CH:): CH-NCCIIj); 

(CH3);C— €N -* (CIb/jC— coon 

ClI:N(CH.-b CU-yiClh): 



/J-MON*OALKYL.\MIKOKETOXE CONDENS-ITION 
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p-Monoalkylaminoketooe Condeasation Products 

The Mannich bases from one molecule of a primarj' amine, one of 
formaldehyde, and one of ketone have been us<^ in a variety of con- 
densations involving both the ketone group and the secondary amine 
group. Tlie nitroso derivatira of ^-methylaminopropiophcnone is 
readily reduced to the corresponding ^hydrazinoketone, which cyclizes 
to l-mcthyl-3-phcnyIpyrazolinc.** 

c,n,cocH,cir,Nncii,-HCi -+ c*iucochiCH,n— ch, 

NO 


CiiiiCOCiiiCii^NCir, 

I 

Kill 


cni — CHi 

► I I ■* 

C»H*C^ ^NCH, 


A similar cj-cliialion oKuis in the formation of 2-benzyltetrabyd^ 

naphthindaaole" by Itdoction of 2-(benayln.tiosam.nometbyl)-n-tet- 

ralonc. 


/ \ 

’ Off. I, I 

ON-S-CllrC.H. K N-CH.C.H. 

Other tj-pos of ryclic “S'lL^m^oS 

molecules and «PP^oP”^*\r^.y"*!.^alcSn-dc and cyclohexanone 
from bcnzylamine hydrochloride, form J „nHprtroes dehydra- 

reacts n-ith potassium ryan.totoform.uma r.h.ch uodersocs dob; 

tion to an octahydroquinazoline.* 

cx -oc> - 

^NCHjCsHi 


c CH» 


•• M«nnicli and Heiloer. Btr.. 6S. 365 (1922). 
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An analogous reaction has been used for the sj-nthesis of l-niethyI-2- 
keto-4-pheny]-l,2.5.G-tetTahydropj'Timidine from .S-methylaminopropio- 
phenoneA’ 


CeHiCOCH-.CH;XHCHs-HCl 


-CjHiCO XH- 


i 

CH 


; CO 


CHr— ^XHI 


CfHsC==X 

1 [ 

CH. CO 

1 1 

CE^ XCHj 


Condensation Products from One Mole of a Primary Amine, Two 
Moles of Formaldehyde, and Two Moles of a Ketone 

Benzylamine hydrochloride, formaldehyde, and acetophenone react 
to form a mixture of products:*- the first from one mole of benzj'Iamine, 
one of acetophenone, and one of formaldehyde: and the second from one 
mole of tenzs'lamrne, two of acetophenone, and two of formaldehyde. 
The second is unstable and cyclizes to a piperidine derivative. 


CeHXOCHiri- ECHO -r CeHiCH;XHi-HCl 

CtH-COCHiCHjXHCHiCfHs • HQ 
2 C 5 HsCOCHj -r 2HCH0 -f- CeHiCH;XH-HCT 


CeHiCOCH-.CHr-X— CH-.CiHs - HCi 


CsHj OH 

\ / 

C 

/ \ 

H;C CH— COCsHs 



HiC CH. 

\ / 


X— CHiCtHs-HO 


Benzylamine hydrochloride condenses shniiarly with cyclohexanone,® 
and the produc-t involving two moles of (yclohexanone is converted to a 
reduced isoquinoline derivative during the reaction. 


n 


o 


f|=0 CH. 

yXCH;CsHs-Ha 

CH; 



A tricyclic ring system is formed when the diethyl ester of 1-methyf- 
3.-5-<iialiyi-4-piperidoiie-3,-5-dicarboxylic add (obtained from the diethyl 
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ester of aja'-diallylacctonediearboxj'lic acid, two moles of formaldehyde, 
and one of meth 3 'famine) is hydrolj'eed and dccarboKylafed.*^ 


CH^nCJI^ / \ 


. yCijiCn^iit 
Ctll.OOC'^^^^ ^\cooc,ii. 


iu. 


cn,cn-o o— cHcn, 

i«. V in, 

(!:h, in, 

V 

(!:n, 


EXPERIMENTAL CONDITIONS AND PROCEDTTRES 
Solvents 

When aqueous formaldehyde is used the condensation is ordinarily 
carried out by shaking or stirring the reactants in the absence of an 
organic solvent; in some cases** methanol has been added to such 
mbeturcs. llTicci paraformaJdchj'de is used an organic solvent; is re* 
quired. If the ketone component is a Uquid, such as acetone,** cyclo- 
pentanone,*^ or cyclohexanone,*’ an excess of it may be used as the 
solvent. In other cases ethanol (95% or absolute) is added as the 
sohTnt. In condensations inv'otving 2-, 3-, or 9-aeeCylphenanthrene, 
paraform.aldeh^’dc, and salts of sceoodaiy amines, isoamyl alcohol is 
recommended as the solvent. ** The condensations proceed much faster 
in the higher-boiling solvent, and the formation of certain by-products, 
obtained hy prolonged heating in ethanol, is avoided. On the other 
hand, it is stated that, although in ethanol the condensation between 
3-acetyl-9-raethyIcarbazole, formaldehyde, and a secondary amine salt 
proceeds more slowly than in isoamyl alcohol, it is less subject to side 
reactions associated with instability of the aminoketone salts at the 
higher temperature.” 

Nature of Formaldehyde and Time of Reaction 

Formaldehyde is used in the form of a 20-40% aqueous solution or as 
paraformaldehj’de. In certain reactions, such as the condensation of 
a-tetrsilonc formsldchyde, and tetjahydroisoguicoluie hydrochloride, 
aqueous formaldehyde is said to be superior to paraformaldehyde.” 

In a few cases *’ enough concentrated hj-drochloric acid is added 
at the beginning of the reaction to make the ml vturo acidic to Congored; 

«*van d® CArnt. . SB, J5J5S(J930>. 

** Ruberg »nd Smidl. Am. CAmt. Soe., «3, 736 (tail)- 
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in other instances the mixtiu’c is acidified at the end of the 

reaction in order to depohnnerize unchanged paraformaldehyde and 
bring it into solution. 

The time required for a Mannich reaction depends upon the nature 
of the ketone and of the amine salt and upon the boiling point of the 
solvent employed. The reaction between furfuralacetone, paraformal- 
deh 3 'de, and dimethA'lamine hj'drochloride in alcoholic solution is said 
to be complete after the mixture ha.s been boiled for a few minutes.'*^ 
“ilVhen 3-acetj'l-9-meth3'lcarbazole, paraformaldeh 3 -de, and dieth 3 'lamine 
h 3 'drochloride are heated in absolute ethanolic solution for five hours 
the 3 'ield of reaction product is 59% but is increased to 83% when the 
mbdure is heated for eight hours." 


Relative Amounts of Components 

In the preparation of ^lannich products, various investigators have 
mixed the components in the calc-ulated quantities or the 3 ' have em- 
plo 3 'ed an excess of the amine .salt and formaldeh 3 'de or an excess of the 
ketone. It is common practice to use 1.00 molec-ular equivalent of the 
carbon 3 'l compound, 1.05-1.10 molc'cular eqmvalents of the amine salt, 
and 1.5-2.0 molecular eqmvalents of foimaldehv'de. Excellent 3de]d3 
of the basic ketone are obtained b3' the interaction of C3'clohe.xanone, 
aqueous formaldeh 3 -de, and dimeth 3 'lamine h 3 'drochloride,*' or mor- 
pholine h 3 'drochloride,^' when five times the calcToIated quantity of 
ketone is allowed to react. When excess formaldeh 3 'de is used, the 
material is added in .se^'eral portions during the course of the reaction. 
Part of the formaldeh 3 'de reacts vdth ethanol, when this is used as a 
solvent, to form meth 3 dene dieth 3 -l ether.* 

Due consideration should be given to the manner in which unchanged 
amine salt and fonnaldeh 3 'de can be separated from the desired product 
at the termination of the reaction. If difficulties are anticipated in such 
separatious, the advantage to be gained Iw the emplo 3 ment of an 3 ' of 
the components in excess ma 3 ' be questioned. If more than one reaction 
product Ls possible, the relative amounts of amine salt and formaldehyde 
ma 3 ' or ma 3 ' not influence the natme and vdeld of the product.^"' ** 

Isolation of Product 

In a nmnber of cases the salt of the desired product precipitates when 
the reaction mixture is cooled. Ether ma 3 ' be addc-d to facilitate sepa- 
ration of the product. Occasionallv- the solvent is remcn'ed and civ'stal- 
lization of the residue brouglit about In* washing it with ether or acetone. 
Sometimes it is advantageous to liberate the basic product from its salt 
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Md purify the fonner by distaiation, provided that the materhij can be 
distiUod witliout dccomposjfjon. 

By-Products 

By-product? of (he reaction Iiave been icienfified in some instances. 
They may be formed by some change of the rc-aetion product itself, or 
they may bo produced by comlensation of the form.aldehyde with the 
amine or ketone. Tliu?, dietli^'hunino nmy bo converted to X,X- 
totraetbylmethyJcncdiaminc,** and pifteridinc to mcthylcncxfipipcri- 
From reactions involving cj'cIolicx.anone, there ii.avc been 
isolated 2-mctIiyIenc cyclohexanone *’ and di-(2-cydo!ic\anonylmctliyl) 
ether.” Similarly, mcthytene<li-0-naphthol ** and mcthylcncdi.anti- 
PjTine ” have been produced in reactions involving ;8-n.aphtliol and 
antipyrine, respectively. 

Procedures 

Preparation 0 / Phenyl P-Piperidiaoethyl Jfefoae Hydrochloride.” A 
ou-Ttureof 12.2 g. (0.1 mole) of piperidine hjiiroehloride, 0.23 ce. of eon- 
wntrated hydrocldoric oci<f, -l-S g. (0.15 mole) of paraformaldehyde, 

30 cc. of absolute ethanol, and 12.0 g. (0.1 mole) of neetophcjvono ia 
heated to reflux. After one hour, 3 g. (0.1 mole) of paraformaldehyde is 
added to tho solution and refluxing is continued for two hours. To tho 
hot mi-vture is added 250 ce. of boiling acetone, and the resulting .solution 
is cooled slowly, finally in lee water. Tlie whito erj'st.allinc product is 
collected on a filter; it ueiglvs 21.5 g (S5%) nnd melts at IS5”iS9*. Fbr 
purification it is dissolved in 93% ethanol (4 ce. per g.), and the hot solu- 
tion b diluted with a fourfold volume of boiling acetone. The recovery 
of material melting nt 192-193® is aliout 80%. 

l-Sero>2-(l,2,3,4-fetrahydroi5oqulnolinoaetbyl) -1,2,3,4-tetrshydro- 
uaphthalene.'* A mi.\ttirc of 5.0 g (0.031 mole) of o-tctralone, 4.0 g. 
(0041 mole) of 30% aqueous formnldchydc, and G.l g. (0.030 mole) of 
telrahydroisoquinolinc hydrochloride is prepared in a small (preferably 
50-cc.) throe-necked flask equipped witli a mechanical stirrer, a reflux 
condenser, and a tube for admission of nitrt^n. A slow stream of 
nitrogen is pn.'s.«ed through the apparatus while tho mixture is stirred 
and heated on tho steam bath for one and one-half Ijouis. Tho brown 
viscous mass is dksolved in water, and the solution is freed of neutral 
substances by cstriietiou with ether. Cbuccntratcd ammonium hydro.\ide 
b then added to (ho aqueous solution until no further separation 0 / 
water-inaolublo material occurs. Tlie product ia collected by extraction 
with ether. Tho n-siduo obtained by distillation of tho ether solidifies 
upon washing with cold ethanol. Reeiystallization of the crude material 
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(7.4 g.) from the miTiTTmim quantity of ethanol yields 6.6 g. (66%) of 
the pTire aminoketone, in.p. 90-91°. 

2,4,6-Tii-(dimethylaniinomethyl)-phenoL^ A mixture of 94 g. (Imole) 
of phenol and 720 g. (4 mols) of 25% aqueous dimethylamine solu- 
tion is cooled to 20° in a 2-1. three-necked flask fitted xvith a stirrer, 
a thermometer for reading the internal temperature, and an addition 
funnel. The mixture is stirred "while 350 g. of 30% aqueous formal- 
dehyde is added dropvrise over a period of about one-half hour, the 
reaction mixture being maintained at 2.5-30°. Stirring at this tempera- 
ture is continued for one hour after completion of the addition. The 
addition funnel is then replac-ed bj- a reflux condenser, and the solution 
is stirred and heated on a steam bath for two hours. To the hot solution 
is added 200 g. of sodium chloride, and stirring and heating are con- 
tinued for about twenty minutes. 

The organic layer is separated from the hot solution and transferred 
to a oOO-cc. Claisen flask. It is distilled under diminished pressure; the 
fraction boiling at 130-1.50°/l-2 mm. weighs 228 g. (86%). The slight 
red color can be removed by ledistillation (b.p. 130-135°, 1 mm.) 
with almost no loss. 

EXAMPLES OF IHE MAHHICH EEACTIOH* 

The reactions summarized in Table V are classified according to the 
complexity of the basic component of the reaction mixture. Thus, 
reactions involving ammonia or its salts are listed first, and those in- 
volving secondary amines or their salts, last. Onl\- the name or formula 
of the aminoketone is given in the product column: in reactions involving 
amine or ammonium salts it is to be understood that the product is also 
a salt. The yields are those given in the literature; sometimes they 
refer to purified products, sometimes to crude materials. Undoubtedly, 
many of the yields could be improved by a thorough study of optimum 
reaction conditions and processes of isolation and purification. 

* Axtezxlio^ Eirfd b= csBed to the ittettstitig nt-.T:"er is -KTaeii a CrHjhTE; grcnp 
heezi rntrodaced into £cetopb£::one 2,4-dinitroto!nene and S~n 2 .phthol 

and pr-CTfiSol and ^-napbtfci-dairine®"' fcrr xhe use o: a basia ether 

R— a— 

Mcl^od and Rohinson, J. 115, 1470 (1921). 

Heou-Feo Tseoa and Chanr-tsing Yang, J. Ory, Cr..em^ 4, 123 (1933). 



EXAMPLES OF THE MANNICII EEACTION 
TABLE V • 

Examples or the Reactio’^ 


rhrnylmAlonIfl ftn<i 
Dimethyl (mnti djvthyl) 

dicuboxyUte 


Cyrloh«nnoR« «T 
AiiUpyrin«* 

►Tolypyrin* • 

ItotDoanljpyrine* 

PhenytisMania arid *> 
AmiMniKn 6rs«iiJ<,t aaWAH'AW'" 

Dietbyl t»len«diaarbaiy1<t« ’* 
Mtikylamw, aA.i 
Tartrenia acid « 

Malhylmaloalc aci.l,]» 
nthylmatoniD aci.l » 
Ikniylmalania acid » 
Phenacylmalonic acid 
4-Nitrophcnylacctia acid •’ 
Diathyla.o'-dicihylacctoncdicac- 
boaylaleO 

DicCbyl a^'-dialljUcctoncdicap- 


Dictbyl 2,«-dimalhyIlctcahydro- 
pyrone-3,S-dica[boiylaie •• 
Diethyl 2,#-dip!ienyUelcahydro- 
pyTona-3,5-dicarboiyIata ** 
Dimethyl t.inethyl-2.8-diph«'y‘- 

4 pipcridone-3,S-dic*rboiylaM“ 
Dimethyl l-allyM.»-diphenyl- 

4-piperidona^.S-dieapbo»ylat«“ 

Dimethyl trop»nona-*.4-dicaC" 
boiylate ** 

J/elAlrfominc. l«n«oUc*t«lc. «”■» 

Dimethyl (and diethyl) aoetona- 
dioorboxylata **• 


iioctcoonijcn.Nnfi (»^i> 

CalI»aiiC(COOIIttCHiN»> . 

ICaHiCHjClCOOIIhClIiIeNM <53,«> 
c.ii»cn(COOii)Cii.f4Hi (esTc) 

DimeUiyl Un^ 2.lWiphenyl-4-pipcndane4,5-djcar. 

boiyUta (tnod) 

1 3>tyiin»thyt-t-l>ipe«doo« <29! I—) 

TnH4-a*ui>yTl''"*»"’P'’'^"* ^ 

tC,ll»CII(COOI»CII||jNJI <eS7cl 

iioc(CooiDiCiiiNiicn. mw 

ICIIjC(COOII)«CH»)»NCII» (H,s> 
CH,St.C(COOIJ)iClt,NUC». l-J 
C.II»CII«C(COOII)jCH|NIICHi 

C.1I.CC>ClljC(COOHl|CH|NHClti 

(40%) 

(W-TO^) 


A •■btopidiB" I (70%) 

A Uier^ «>mPO<i»< • 

8.4^1ieatt>o«yl«*» (M%> 
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TABLE V * — Continued 

ExiMFLES OF THE REACTION' 


Eeactants Product (Yield) 

MeihfJlaTnine hydrochloride, formal- 
dehyde, and 

Acetone ”■ (CHjCOCH^djXCH, (569t) 

l.-t-Dimethyl-S-acetyl-t-hydroiypipeTidine { — ) 

Diethyl tEtone= CH 2 CH;COCH(CHi)CHsKH((iHi) (— ) 

l,3^Tiii3etbyI-4-piperidone (■ — ) 

CH2CH[CHihDl(CH2)]COCH[CH5NH(CHj)jCHa or 
CHjCHjCOCCCH.N'HlCBjlJaCHj {— ) 
tCHiCH-COCH(CHi)CHsl.KCHj (— ) 

Acetoplienone ” C^HsCOCHiCHjXHCHj (70%) 

(CsHsCOCH^CH^iNCHj (34 %> 

Cydobexaaone ^ Methyldi-(2-cycIobexanoDylinethyI)'amme (2.4% -r) 

2>Ac€tyllfciopbeae ifethyl di-{2-(efthei:oy])-ethyl}-am£ne (61%) 

Antipyrine iIethy!di-( 4 -antip 5 TyImethyl)-amine (92%) 

l!obutyraIdebyde» (CHz);G(CHO)CH;XHCHa (70%) 

Dimethyl (smd Methyl) Ij^.O-tri- 
methyl-4-p^pcridor:e -3 , 5 - dicar- 

boi3^te® A “blspidtn” (70%) 

iteihyicmine h^rocfitcridt, ccdal- 
dtfryiif end 

Difithyl aeetoaedicarboxylate ^ Diethyl l, 2 , 6 'tniDethyl- 4 -p:peridoi 5 e- 3 * 5 -dicarboiylata (— •) 

Eth\i1cminf, tensaXdthydif and 

jiiethyl a«loaediearboa: 5 'late Diethyl l-ethy)* 2 , 6 -dipheayl- 4 -piper 3 doDe- 3 , 5 -dicarboTy- 

latc (— ) 

Ethylamint h*jdrcc}doridit^ farmcldt- 
’hjde^ end 

2-Methyl“S-nitroqcir!olmc ^ Etliyldi-{^(S<utrO'2-<pi£noIyI)-cthyIramiRe (— ) 

Antipyrir.e EthyidiK4-a3tipyryImeth>i)-amme ( — } 

^IIl,'droTyfi}.yUir:ine, tcnzald^hyU, 
and 

Dimethyl acctc^edicarborylate Dimethyl l-(^bydroxyethyl)-2,6-dipbeayI-4-pipendoiie-3^ 

dicarboxylate (65%) 

^-C}JU'n>€i}.yiam{n^ f.ydrccJdoridf, 
fcnncldehydc, end 

Dimerthyl l^,6-trimetbyi-4-pi- 

pend 9 se- 3 , 5 -diearboT 5 i 2 .te ** **bispidin” (63%) 

hydroc}dcTide, 

for-mcldth'jde, end 

Dimethyl I^, 6 -trimeth 5 d-»-pi- 

peridcne-3,5-diEirbox5"lat« ** K **hispidia'* ( — ) 

^PhcnyUi}.'/.ar^.\nf hydroc^JtrruIe, t 
cceieldfhyir, end 

Dimethyl acetoaedicarboxylale Dimethyl I-{^phcnylethyl)-2,6-dimethyl^pip-ridor.e-3^ 

diearbcaylate ( — ) 

AJl::/r&r-.ini% fcrmcldehjde^ end 

I3e=:xy!m.»Jome etdd » Ct,3iCniC{COOU)zCHi^cn:!CH==ClIz (xood) 

Dimethyl l-methy!-2,6-diphenyl- 

4-p:peridone«^,5-diearboTyIate A 'TjispKlia'* (75%) 

Atlyie^.int, end 

I>imethyl aeetcmediearbosyiatc Dimethyl l-fiLnyl-2,6-diphenyl-4-pipeTidoae-3r5-diearbcxylat-e 

< 70 %) 

• nef»‘Ter-‘~e? 6T-74 ap 7 >r 2 ir r-r. p. 34! 

t Nrith'T the r.'r the dextro or Ie~o m'd;£estion cf cr-pheayl^thylimir.e hydrochloride 

cculd be made to react iriih acetaldehyde and the e#:er of acetor.edicarb^^ lic a-rid. 
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rroilutt (Yield) 


AOiAaniiM kvJrodUmde. /iirmaU^ 


ai>d 

DuMibyt lA.a-triBiflhyl-A-pi- 
I>rridiMie-3,Mi«arboi)'Ul< » 

Aotj pyrin* n 

/onMlJfAydr, and 
Actipyrina ■> 

EiXyl amiaaaNtal* hfintUanJt, 
/entaUcAyd*! •id 
Afitipyna* 

iJnrylaKiiu, pAnplarrteUttvdf, 

aad 

CyclaktuBan* ■■ 

XfJrtMtndt, f-nial- 

d<A|Kl«. aad 
A«<lon« *< 

DeeiaUcalea* > 

A«(lapb*aoa« •• 

CyciapanUaafi* •• 
Cyclabftaaaa* ** 

••T«<n]on*u 

£nif|da»Miw Ay^irAtiinJ'. aerUUe- 
ai>d 

Dunflbyl *e«{aaedicaiboiyl*c« ** 


A “bi»p*ilii«" (— ) 

AOyUi-lVaatipyT)^'°'^rt^-a™>n* (— ) 


C,n,COCn,Xn,. n - A-antipyrylmethil (OST.) 


ri,NCII|COiC,l!«. R - 4-*ntipyrylBietlul (— ) 


c,n»cn,Niicn(a>,c.nj)C.iiio ci s%) 


cnjCOcniCii,NiicnrC,n, oj?;) 
C(II.CII^»COCR|C1CsMllCIIiCtni (SOTi) 
t•IWa*l'I■9■nw>a■U'l-**•l)^>'l'4^ydroIypIp•n(iul• (lO?*) 
c,ii»cx)CHiCn,NHCH,c,»» (isr.) 
t.BMiyi*S-^*p)I^P^e*>'l^’^^einxp*ndka« {— ) 
lI«a()M2^r<lor*B<«Mayl>D*tb>l)**mina (— ) 
BM>*yl-(}-eydob*iaaonyIisei>iy1)-aimiie (63%) 

A daeahyJ'voaQw'Ml"'* t <IO-23%j 
AdDau>'UJiuoo(iMlb}l)'«^U*1an* <33%) 


DitaMhyl l-tmxyl-S.d'dinetbyl^pIperiilo&eS.A^oarboiylat* 
(30%) 


3WrofAIflr»J/, /iwTrfaUeAyde, aad 

Aoetoa*" 

BenuIacaCao* » 
Aoalophcnoo* ^ 
CyclopeDtaaone ^ 

CydohetiiBOB*" 


»-T«tr»lon* >» 

Aail.iM. intaUt^ydf, aad 


thlandt, /<irmaUt>itdt, *■“ 

Antipyrin* ” ,, , 

/onnaUeliyd’. <>*d 
AnUpyrme '* 


cit»cociiicn,viicHC»n,<OiCn,)(3,i> (so%) 
C,II»CH=CHCOCItKni,>fHCH,C»Hi(DjClI«)(3.4) (32%) 
C,r!,COCK»Ca,NHCHiC*II,(tW:ll,)(3,4) (5655) 

2 (M-MrtbylanaJioirbnuyluuaomrtbjU-cyclopenUilaiii 

2-(3.«-MelAT<*Ba<boKrbeaiylBaii>om*t&yl)-cydabeziu>oa*(— ) 
A deeal>y')''B><>Q<anoIuM t i—i 

(b'(A4'M*lby(«a«dioiTtKiuyUauj)Bm*tby]j-o-t*tr*loDQ (70%) 
15d)-TPpben»l-t-p*P=*l»B* ( — ) 


Tetr*hydro-15«apblhyMi-(t-«oUpyTylmethyt)-aauii* (— ) 


Twt»- C >-an U pyr TlB» *th}d)-*thyl«B*diMBia* (77%) 
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TABLE V *--€aniinued 


Examples of the Reaction 


Reactanta 


Product (Yield) 


DimethylamtMt /ormaldehyde, and 
Cyanoacetic acid 
4-Nitropbeiiylacetic acid ^ 
2,4-I>irutropbeuylacetic add ^ 
Benzoylacctic acid ^ 

Pyru\’ic acid ^ 


CNCHiCHxNTCHrlj t (— ) 
(4)NO2CcH4CH(C00H)CH2X(CH,)j (67%) 
<2.4)(N02)2C«H2CH[CH2N(CH2)2k (52%) 
Cc^rCOCBsPUtSiCBth (— ) 
(CH2)2KCH2CHCOCOOCH2 t (56%) 


Acctoacetic add 

^iiletbylacctoacelic add 
Ethylacetoacctic acid 
Allylacetoaoetic add 2^ 
I>evuliruc add 
^klalonic add 
Melbylmalonic add 
Etbylmaloxuc add ** 
Allylmalonic add 
Bcazylmalonic add 
PhcnyUnalonic add 
'yPhenylpropylroaloaic add 
Phenacj'Imalonic add ** 
Tartrocic add 
Ethanetricarboxybe add 
Phenylacetylene 5*- 
2-Aininopbcnylacetj'leae 
AnUpyrinc < 

Phenol IJ, 5S 


4-Acctylarmnopbenol 
o-Crc»ol ^ 
rn-Cre»o! ® 
j>-Cre?ol ^ 

2-'Metbox>'pbenol ^ 
4-^^etbozJ'pbenol » 

3,5-Ditnetbyl phenol ** 
2-Mrl}jyl*4-cth>Ipbenol — 

Catechol ^ 
llcflordnol ^ 

IlydroiiuiDarie 

Phloropludnol ^ 

IndoV 

^^^apbthol ^ 

J)inrihylar\ir.f hyirorHoride, fom- 
oldfhy-ie, end 
Acetone i5. i» 

Methyl ethyl kr-onc 

M*<hyl prtipyl tctcr.e « 


CJizCOCBiCBiSiCBzh (42%) 

Cn:COCn(CH2K(CH,)2l2 (28%) 
CH2COCH(CH*)Cn2>;(CH2)2 (— ) 
CHrCOCH(C?2Hs)Cn2X(Cn2)2 : (30%) 
CH2COCH(CH2CH=CH2)CH2X(CH2)i (38%) 

(CH 2 ) 2 NCH 2 Cit 2 Coch 2 Cit 2 Cooh : ( 21 %) 
CH(COOH)[Cn2N(CH2)2]2 (47%) 
CH2C(C00H)2CH2K(CU2)2 (55%) 
Cfr2CH2C(COOIT)2Cni2N7CHj)2 (70%) 
cH2=cncH2C(coon)2cn2X(CH2)2 (90%) 
C«niCH2C(COOH)2Cn2N(CH2)2 (00%) 
CeH5CH(COOri)CH2N'(CH2)2 (C0%) 
c<HsCH 2 CH 2 cn 2 C(coon) 2 cn 2 N'(cn 2)2 (oo%) 

C«HiC0C02C(C00n)2CH2N(CH,)2 (45%) 
noc(cooH)iCnsS(cih)t (S4%) 
(nOOOsC(CHiCOOB)CUsS(C^z )2 (40%) 
CeUtCsCCH 2 K(Cn 2)2 (— ) 

( 2 )NH 2 Cen 4 CsCCH 2 N(CH ,)2 (— ) 
4-DimetbylaitunomelhylanlipyTiJie (00%) 
2-(DiiDethyIaminoiactbyI)*pbcnol ( — ) 

2.0- Di*(diroetbylammoTiietbyl^-pber)ol (poor) 

2.4.0- Tri-(dimctbylamiDorDrthyl)*pbcnol (80%) 
2-(Dim<rtbyIaminomclhyi)-l-acetyIaininopherioI ( — ) 
2-(Dimctbylaminomelb>i)-0'nictbylpbcniol { — ) 
2,4.0“Tri-(d»metbylaininomethyl)-3-melbylphcnol ( — ) 
2-<DiinctbylanjinomcthylM-rcethyiphcnoI <— > 
2,6-Di-(diznctbylaminoinelbyI)“4-EncthyI phenol ( — ) 
2-Metborj**^^diiaethylatninonieUjyl)-phenoI (— ) 
4 -Me!ijox>'- 0 -fdira»'thyIafl 2 jnoniethyJ)-pbefj/>J ( — ) 
2-<I>iinelhylaniinomelhyI)-3,6-dimethylphcnol f34%) 

2- MeibyM-etbyl-0-fdiinetIiylaminomcthyI)-phcnoI ( — ) 
DirDetLylaminometliylcatccbol ( — ) J 
Diin«’tiiyl3minoint'thyIrc*ordnol (— > t 

2^>-!'»«-<Din3elhyI&jninotaetbyI)-hyclrrxjuinor.e (alnioet rjuanti- 
tativc) X 

DlnjcthylMninomethsiphlorodudnol ( — ) X 
f'»»-(l>jznetbylan:inoc}'‘tby3>‘pblorocludnol ( — > X 

3- Dimrt>*ylaroinfrtn'^.hylir-doIe quantitative) 

Diroelbylominotnethyl-^-naphthol ( — ) 


CUtCOCTlrCIhS<CIh>s I (— ) (14%) 
CHjC^'XJIUCIIsN^CHju:- I (— ) (58%) 
CH:COCH<Cn*)CH 2 N(CHj )2 (— ) 
CJljCII:C<‘>Cn:CJJ:N(Cnj )2 /— ) 
ClliCy>CHfCiHt?CH:N(ClI| .2 (—) 


» Iteferrr'^'^ €7-74 k;*;e-ar < »: p. T.tl. 

t il.e prt'doet rr t t** </»jtair.'ri ia er^-rtalllrsr fom. 

I In l) t* snmtftr.'e tir.-.n*" ealt ws* entpfoyed. 

I cee*l. 



EXAMPLES OF THE MAXNICH JiEACTIOS 
Table v *— Con/mueif 
Examples op the Reaction 


^Nltr 




faBunoati, , 

^^ojlAttmow^ophroot 
Ar*tovmtron« >i 
B*DiUar«lona». •< 
4'\Dmlar«ton«« 
P‘I«roWirrton«ll 
tone •* 

a-Elho,j .4 a>«bo*yVo.Ali< 
tenet* 

»-N’it7op>pe«,n«iBee(o„« u 

•■Nilrox er»ir%]»eetene “ 

««hylfrMphthjU»tan*- 
#-*««otetmlin «» 

2'Xeetjlphen«nlhfen« H 
^ ^^tylphenABthrene « 

► VcetylpheninthreoB** 
WlopenUflon**! 
Cydoheanoti* •’ 
♦■MothsleyeloheMnana « 
«*(n(bone *o 


2-AceIyIiiuophene '*• *• 
2-'Mtyldibenioibiopheno *< 

JPropionjUhiopte„«M 

‘'•'«‘yl-*-plien) It bi»,oIe *> 


2 ^»'Jl- 9 -ttethj!catb»»le 

3 '"«yl-9-iaelhjlc»rl,*,ole 


Product (Yield 


CR*CHKMCH(Crr,ICHiN’(Cfr,l, (31%) 
CcHiCX>CniClItN(CII|lt (60%> 
B)KO,C,n<C»CH,CH,N(CH,1t (80-90%) 
laiKOsC^iOOCRiCiltKICKtli (80-90%) 
{3)(CI1jCONU)CVH4COCOK:H,U(CH,), (35%) 
<3)(C,K,CONII)C,B<{»CHrf:lI,N(Ca»)i (79%) 
(«CHjOCVlf.COCIIiCir«N(CHj)i (— ) 
(3.4>{CnaO)rfVHiCOCn»CH^V(CHj>t (— ) 
CAiiCii=ciioocn,cirtN(CHi)j (2i%) 
i4>cn$oc,niCn^ucocnfiHiS(ciii>t ( 53 %; 
(a.A)(CBKIj)CiBtCa=nCHC0CHtCI!,N(CH,1, (— ) 

{3.«>(Cn^)(CtKiO)Cyi,CH=CHCOcn,CF,S(CH,)i(- 

(3.«)(CiB»0)(CHi0)C»nrfIH=CirC0CBjC0,N(CHj)i (- 
(s.<)(«)(caiOt)(NOt'C«ntCH^HcocHjCiijN(caj)j ( 
(3.t.«)(CR|Oit(KO,lC,HtCH^HCOCH>CHsN(CItj)| 
(10-33%) 

frCwlI»COCR,CB,»KC»,)| (70%) 
^(^DitnetbyUouueproptooyll'tetraliJi (*") 
2><0-DuD«tliyl*iiuciopra^n}I1>pbenanlhrea« (— ) 
S-(A>DiiM<hylAiD>nopropton)1)‘pbrnknthrei>a (— ) 
0-(4*Diii>e<bylAiBinayropioT»li phenanthrene (— J 
3>(I>ii»etbyl9Uunoii>elb)t)-eyrlepe&iAnone <— ) 
3-fl>jnMb}lnattnoibelb)J>^yrJobejaAnne (83%) 

3 (DuDetbyUauuotnethyll^-i&etbylcicIoberanoae (— ) 
Dtsielb bouAaoetbylaentbofte 7 (34%) 
^(t)uDelb>LuuiDeiDetbyl>vtetraleDa (70%) 

2<Jin*(hyluiuDomeih>l-1.9,3,4-tetnbydn>pbetiAa* 


t-Keto-3-<(imciby(unuiaa>etbyl-i,2,S,4-leInbydropheaAA- 
Ibtene (77%) 

Z-Fuiyt S-dUDelhytuninoeltiyl ketone (— ) 
CiHiOCH=CMCOCHiClI|NlCU|)i (— ) 

? TIncnyl ^UDetbyUaunoethyl ketone (47%) 

p-DiiDetbyleicUDOethyl 2-dibeniotbten)l ketone (11%) { 

•-(DunetbyleeiuooeiiethiD-ethyl 2-tbjenyl ketone (60%) 
P-DunelliylaDUiioetliyt 4 pbenyl 2-tiuMoljl ketone (— ) 

4 Dimetb) lemuMnMthyteatipynne (90%) 

I Fbenyl J^^hnielM-t'diaiethj lejMometh} Ipyrai olone-3 
(74%; 

ketem.eoetbel 2-(94aetbylc«rbeeyl) kei 

one («l%) : 

flhyI-»«ethjHJ,3,4-tetr»bydfO' 

mdiAvnIe (10-15%) 

l{CHj),N(MjJiC(CIIyOH)CHO (pceeUceDy uu»nl,t.tiYe) 
CHeCHJCa*»{CH»)*)CaO (15%) 

CHjCICWiN(CHj)>)tCUO (— ) 


el ketow not racoKced (rot 
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THE MANNICII REACTION 


TABLE V * — Continued 

ExAiirixR or the Reaction 


Ucaclanl? 


Produc*. CYif>W) 


ButjTaldchyde 

IsobutjTtildchydc 
I*ovalcraldeb 3 *de ** 

Hexahydrolxrnzaldcbyde 
2-MelbyJauinobnc ^ 
2-Mcthyl-4-h3*droxj’quinoline ^ 
2-Etboxj*-4-rncl}iylquinolicc ^ 
Difihi/^aminr, /omatdelirif, and 
2,4-Di7utropbciiy3flfctie odd ^ 
Bcnzj'laect/jarctic odd ^ 
^lonoelhylmalonaic ^ 

Monoctbjd xncthj’lmalonalc 
Monocthyl ctb^'lmalonate 
Monocthyl allyUnalonatc ^ 
Monocthyl bcnrylmalonatc 
Dictbjd 2 ,<r<ii 2 ncihyUctrahydro- 
pjTonc-3,5-dicarboiylatc ^ 

Phcnj*lacctj*lcne ^ 
2-Kitropbcnyl3Cctylene 
4-Nltropbcnj'lacct3'lcne ^ 

4- Metboxj'pbcoylacctylenc " 
a-PicoUnc ^ 

Quinaldine “* ^ 

D\€ihy{am\ne hydrocldoridr^ /omc/- 
dthyde, and 
Acetone * 

Acetophenone 
2-Xitroacctopbcnoce ^ 

5- Xitroacetopbenone ^ 
Attitovcratronc 
Benzalacetone ® 

4- Ani5alacctone 
2-Butoa5'benzalacetone 5- 
Metbylenedioxj'benralacetoue * 
3,-i-Diinetboxybcaralacetone *• 

5- Etboxy-i-tnetboxybeaxalace- 
tone 51 

G-NitTopiperonalacetone 5® 

G-NitroTeratralacetone 

2-Acetylphenaatiireae ^ 
S-Acetylpbenantlireiie ^ 
9-AcetyIphcnaDthrene ^ 
2 -Metbylc 3 *dc?peatanone ® 
Cj'clobeianone 
2-AIe:bylcTclobexaBODe ® 
l-Keto-l,2,3,4-tetrahydrophe- 


CUtCllzCmClh^iClhh'iCllO <— ) 

CIljCH.C(=CH;)CHO (— ) 

(cni)tCfcii2X(CH,)s]cno (7o-sorc) 
{ciUhCiicnicniSicihViCiio (— } 
<Cnj> 4 CIUCH:OJI)[CH 2 X{CHj) 2 :cnO (— ) 

1- Ditnctbylammomclbylhcxabydrobenzaldcliydc ( — ) 

2 - r^*I>ime!b 3 *Janijnoc:b> J)-qu/jj!?Jinc ( — ) 
2-(^-Dinjeibylaminoctbyl)-4-bydroxj'quinoline { — ) 
2-Etboiy-}'(^-<imictbylaminoctlij’l)-<juinoliac ( — ) 

(2.4){N'0;>2CtfTIjCn[Cn2N(C;ns>i}j(52rf> 
cii2COcn(cnrC«Hj)cii2N(Cjni)j (4&7c) 
CsnjOOCCHjCHsNCCjIIj): {21%) 

C;n.ooccnicn2N*(C;Uiij}; c— ) 

C5H*oocc(=cu2)cni (ss^) 

C2HiOocc(=cns)cnrCn, (63^) 
C 2 ntOOCC(=Cn 2 )CnrCn=Cnj (quantitative) 
CjHsOOCC(=CHi)CUiC4Hj 

Diethyl 2,€^insctbyl-3-dictbylaniinometbyUctrabydrop3Toae-' 
3,S^icarbox3*late (30^) 

CtHtCsCCn5X(C:Hj)j (S07c) 
( 2 )NO:C 4 H<CECCn 2 N(C 2 ni)t (— ) 
( 4 )NO:C«n 4 CsCCH 5 N(C 2 Hj)i (—) 
(4)CH,OC<H4C=CCH5N(CsHi)r (— ) 
2'(^Dicthjdaminoethjl)-pyridine (SOTc) 
2-C3-Diethylamiaoetby!)-quinoliae (33^) 


CTjCOCntCHjKCCsHs)} ( 669 ^) 

CeH*COCH:CH-N(C:H5)2 (459J) 
(2)X02CtH4C0CH2CH;X(C2Hs>2 (SO-OOS^) 
{3)XOrCeH<COCH;CH2X(C:Hs)2 (60-90^) 
(3.-l)(CnjO);C«HiCOCHrCH2X(C2Hs)2 (— ) 
C«n}CH=CHCOCH2CHrX(C2H5)2 (60^> 
(4)CHjOCeH4CH=^HCOCH-CH2X(C2Hs)2 (609^) 
{2)C|HjOCeH4CH=CHCOCHK^HrX(C2Hs)2 (5-109^) 

(3.4) (CH20i)CeHjCH=CHC0CHrCH2X(C2Hs)2 (609r) 

(3.4) (CHjO)2CtHjCH=CHCOCH;CH;X{C:H5)2 (G0%) 

(3.4) (C-HsO) (CHiO) C«H2CH===CHCOCHrCH2X(C;Hi)2 (— ) 
(3,4.G) CCH-D 2 ) (XO 2 ) C^cHsCH^CHCXKISrCH-X (C-Hs): 

(SO^c) 

( 3 , 4 . 6 )(CH 20 ) 2 (X 02 )CtH 2 CH=<:SC 0 C:S 2 CH 2 X(C-Hs)a 

(407c) 

2>(^DiethyIaiiunopropionyI)-pbenanlbrene ( — ) 
3~(^DiethylaimaopropionyI)-pbeaantiircne ( — ) 
9-{^Diethjdaiiunopropionyl>-pheaanthrcne ( — ) 
2-Methyl-5-<iiethyiamiiiomethyle5'cIopentanone (7i9c) 
2-Dietbyl3jniaoniethylcj'cIoh€^none (839c) 
2-Methyl'6-d5etbylaimaon2ethyIc>'clohexaaoae (60-65 9t) 


naatbreae 


l-Heto-2-diethylaxniaoaietbyi-l^,3,4-tetrabydrophe3an- 

threae (599c) 


* References 67—74 appear on p- 341. 
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‘ TABLE V •—CoiUinved 
Examples op the Reactio?! 
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R«»cttnt4 

Product aToJd) 

«-K«to-1.2,3.4-tetr»hy<lroph»- 


nuithrene » 

tbroae (51 %} 

l-Ket(>-t>-in«lhoiy-l,2,3,l-tetr*- 

tclrabydro* 

hydrophensnthren* 

Fuifurtlacetone «• 

pb^naatbicM (415«) 


ChroaiKnon* » 

3'AcetyUhiophene 
2-Ac«tyldib»ntothiophni« ■* 
Antipyrlne W 

2- Ae«lyl-0-iB«thyk»rb»lola *» 

3- A«tyl-9-m»ll>yIr«rb«iolo “ 
3-A««tym-ph«nyIthi«iol« » 
ttobut yrdJab) do 

(„c;, 

4-D«ihyU«.o««b>' ♦-^c-'P' 

DiHAoaoiomiin 
sUotyih, aid 

3>Afel>lfuraB >* 


Aipropploniv, 

EltiyUe*l«k<^Uo arid ** 

CH,COC»(C,M.)Clt,S(C.ll.>. i*y,) 

OijPopylomiao HyWrocU-wv/'- 
aUrtyde, and 

AniMlarolono 

2-Aortytruran '• 

S'AcotyM phonjIthUiolo '* 

DAo(yljm>A< JiyrfrorM-P'd*’- 


and 

3-Ac«l)IIur>n ** 

AsLuliootono *■ 

OiuMfflyiaMiaa hytlrttUf'-"' 
/ormalJekydf, aid 

cvii.coni/rH.N(C.Hu>i (m-.j 

Aratcphonono • 


UrthyUitlkylrititilnMltiKi* 
KydncUaruU. •*“ ^ 


2-M*lbTl-»-bydx>>M'l““’“'“’ 


kyJncklanJt. /jr-oW'***''- 
AnUpynM** 

j.,,,.COCH.CII.NlCH.'R R - ♦^LpyryOaKliyl <-J 

ckhnJ., /o«wJdaW». •“ 


Arolono- 

d»« (— » 

fjrmil l,kyU, 
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THE MANXICH REACTION 


TABLE V * — Continued 

Exampi.ks or the Reaction' 


Reactant? 

^ Product eVicM) 

Rmry?-( S-^ZhTl^hKxa ntyni/t met). i/T)^ 
amine t-i/drof/romide, ferrmtilfithyle^ 
end 


Acetone 

2-Benxyl-4-accty!-16'bydrox>'deca,bydroi«oqt:inolrne fTS^c) 

Acetophenone^ 

2-IJcnT>-l-4-benroy1-H>-bydroxydccaljydroi?<yiuinoIine (7^^) 

3^~^{ei}.'Jtcr.ed^nTy*JenT*Jl-{S-ci/(lo~ | 

}.exanon*jlTnrihyrj~<iTnine hy'iro^ 
Iranide, fffmaldthi/'ie, end i 


Acetone 

2-<3,4-McthyVnf<Iioxybcnrylj-i-acoty!-10bj'droxj'dc'CaIiydro' 
l-oriuinoline ( — ) 

.lf<tAyToTii7tr.^, Jr/rmaldehyd^t and 


QuinaJdine hydrtKrlJoride “ 

2-^^Phcnylfnctliylanijnoetbyl)-quinolirie ( — ) 

J/ctAlfforiiline Ki/’JrtxfJoruIr^ 
/cma!d*^hyde, end 


Antipyrine t" 

4-(PhenyImethy!aniinomethyl)-antip5Tine (49C() 

Pipnidin^t formald^hyd.^, end 


Antip>*rine ^ 

'}-P/peridtnometh3'IantfP3'rine (44^) 

Ci'clohetanone * 

2*Pip':ridiiiomethjlo’tlobexa;)one ^379c) 

4*Kilrophenylacetic acid ^ 

(4)NO:CtH,Cn(COOH)CHjKCiHi6 (Mrd 

2,4-DmitrophenyIaeeli> acid ^ 

(2.4) (.NOjliCtHsCHICnsNCjn, e >j <4 1 ) 

2-Nitrotaandelic acid <* 

(2)NO;C-,H,C(OnHCOOH)CU.NCiHio (75%) 

Eenzoylaectie acid 

CtUsCOCn^CH.NCjHjo (00'%) 

P>Tuvic acid ^ 

CiHjoNCHjCUCOCOOCn. t (43rj 
{ 1 

Metbylacetoacctic acid 

CniCOCUtCHjiCn.NCsHi!, (COTc) 

Ethylacetoacetlc acid ^ 

CHiCOCH(C-Hi)Cn.NCiHii, t (— ) 

AIl 3 'lacetoacetic acid 

CH:COCH(CH;CH=CHijCH-KCini5 130-45%) 

Bcnrylacetoacctic acid 

CniCOCH(CH;CtHi)CH-KCin:,5 (40%) 

Le^-ulinic acid ^ 

CH.fCH-NCiUiojCCXrnjCH^OOII (4S%) t 

Benzj'lmalonic acid ** 

CtH.CH:C(COOH);CH:NCiH„ (85%) 

Tarironic add 

C(OHKC<X«r/K^H-NCiHij (14%) 

Dietliyl 2,6-dimelb3'Itetrahydro- 


pyrone-3,5-dicarboTj'late ^ 

Diethjd 2,6-dixnetbji-3-(p:peridinotncthyl;-tetrahj’dropyroae- 
3,6-<iicarboxj'Iate (73%) 

Phenylacctj’lene 

CtHsCsCCHjNC.Hj, (— ) 

4-MetboT3'pbenylacetylene ^ 

(4)CHjOC,H4CsCCH.NCiH.o (— ) 

4-.Acet3*Iaminopie3oI 

2-Pipen'dihoa:ethyl-*-ac«;tyIa!i2mopheTioI ( — ) 

^Xapbtbol ^ 

Piperidinomerthyl-^-napbthol ( — ) 

S-Hydroxyqninolise 

Piperidinomethyl-S-bydroxyciuinoline ( — ) 

Qainaidine hydrochloride “ 

2-C^PiperidiiioetbyIj-qninoline (72'^) 

Indole ** 

3-Hperidinomethjiindols ( — ) 

Piperidine h'jdrocJXaride, formalde- 
hjde, and 


Acetone ^ 

CHjCOOHeCHjJJCsHio fgood) 

hlethyi ethyl hetone ^ 

ch^(x:h(cHi)ch-nCsHio (— ) 

Knacolme ^ 

(CH,)jCX:OCH:CH.XCsHi5 {— ) 

AByiacetone ^ 

CH;=CHCH^H:COCH:CHjNCsH, 8 (20%) 
CHi=CHCH^H(CH:NCsH;o)C(XrHj (— ) 

.Acetophenone 

CtHjCOCH^HjXCiHis (90%) 

2-Kitroacetopheiione t 2 

(2)X(>!C!H4COCH-CHjNCiHio (SO-90%) 

3-Nitroacetopbenone tc 

(SlNOjCeH^COCHsCHsNCsHio 

.Acetoanisone 1 

(4)CH,0<35HiC0CHiCHiNC5Hi5 (— ) 


* References 67-74 appear on p. 341. 

t In tiu5 instance the amine hydrochloride used. 
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S'Metboxybena&lacetone 
2-£thoxyb«nxaIftcetonB 
2-PropoTybentaUcctDne ' 
2‘6utoxybenf BlaBCtona 
Aitualacetone ^ 
PiperoiiEdacctonB •' M 
S.i'Ehmethoxy benialaaet 
Ethyl 4 aniiyl katona M 
3 Methoxy-l-etboxybaai 


C4TijCociiiCtni>cn,NC»iii« (— 5 

Sisil:i3=iiSffi ;:S! 

(4)CIl«OC»II<COCII(CII|>CiI|NC»»io (— ) 


3-rthaxy-4-mBtboxyb«niaIaoa* 
b-Kitropiparanalaeatona M 
6-NUrov»ratral»«eton8 '* 



l-K8to-l,3,3,4-t«lrabyiJri>' 
pb<nanlhc«n4 >* 


a‘4';^ir;o..(No..C4U.ci=c.icocn,c..,sc.ii,4 

' ‘Jr . ) 


4-K«to.l,J,3,4-lotrBhydfi>- 
pbonantbrena t4 

1- Keto-D-m ethoxy-1 1 I'' 

hydrophananlbrcna 

2- AcctyUuran ti 
Furturalftcctonn** 
2-AcolyUbinpbBnfl I**' 
2-Acctyl<lib<'nxo(hliipbona 

4-AMtyl4il>ii!Holl>lopli«'i» '* 
2-Acetyl-«-pli"nyHl'laiol» “ 
Anlipyrino*’ *" 

leobulyralrliiliyda '* 
Xxovaloralilubydii I* 


llaxabydrobnni 

Aeeloplienono 
2-Ae(-tylpb»nui 



.-K.r.-rMr-.U""-''"'-'"*-'"''''''''''''''"’" 
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THE MANNICH llEACTION 


TABLE V * — Continued 
Examples or the Reaction 

Rractantfl Product (Yield) 

3- Accljdphennnthrcne ^ 3-(^-l»2,3,4-Tctrahydroii!onuinolinopfopionyI)-phcnflntlircnc 

(— ) 

0- Acctylpl)cnanthrcnc 0-(^-l,2,3,4-TctniliydroiflO<iuinolinopripionyl)-phcnantIircnc 

(— ) 

Cyclohexanone 2-(l,2,3,4-Tctrahj'droi«oquinolinomclhyl)“cyclohexanonc ( — ) 

ff-Tclralonc l-KctO'2-(l,2,3,4-tctrahydroMoquifioIinome{hyJ)-J,2,3,4-tctra- 

hydronaphtlialene (069^) 

1- Kcto-6-niclhoxy-l,2,3,4-tctra- 

liydronaphtlialcnc ** l-Kcto-2-(I»2,3,4-tctrahydrotgoquinoI{non3CthyI)-C-methoiy- 

1 .2.3.4- tctmliydronnplithalenc (03%) 

l-Kcto-G-acctoxj'-l ,2,3,4-lclra- 

hydronaphthalcnc ** l-Kcto-2-(l,2,3,4-totrahydrotsoquinonnotnctbyl)-6-acctoxy- 

1 .2.3.4- totrahydronnphthalcne (81 %) 

l-Keto-7-incthoxy-l»2,3,4-lctra- 

hydronaphthalcno l-Kclo*2-(l,2,3,4-tctrahydroi3<oquinolinomethyI)-7-incthoxj'- 

1 .2.3.4- tctraliydronaphlhalcnD (70%) 

l-Kclo-7-acctoxy-l ,2,3,4-tctra- 

hydronaphthaleno l“KetO“2«(l,2,3,4“tctrahydroi8oquinolinoineLhyl)-7'-acctoxy- 

1 .2.3.4- tctraliydronapUthalcne (01 %) 

l-Kclo-l»2,3,4*tctrahydropben- 

anthrene l-KctO“2-(l^,3,4-tetrahydroi8oqidnolinomctbyl)-l,2,3,4*'tctra- 

hydropbenaotbreDD (01%) 

4- Kcto-l,2,3,4-tctrahydropbcn- 

onthreno w 4-Keto-3-(l,2,3,4-t«trabydroi8cxiumoUnometbyl)-l,2,3,4-telra- 

bydrophenantbreno (34%) 

l-Kcto-O-mcthoxj’-l ,2,3,4-tctra* 

hydropbenanthrene l-Keto^2-(l,2,3,4-tctrabydroUoquinolinomcthyl)-9-metboxy- 

1.2.3.4- lctrabydropbcnanthrenD (46%) 

1- Kcto-9-acetoxy-l,2,3,4-tetra- 

hydrophenantbrene l-Kcto-2-(l,2,3,4-totrabydroiBoquinolinomethyl)-9-acctoxy- 

1.2.3.4- tctrahydropbenanthrene (72%) 

2- Acctyldibenzotbiopbcne ^(l»2,3,4-Tctrahydroisoqumolino)-cthyl 2-dibcazothienyl 

ketone (30%) 

2- Acctyl-9-mctbylcarbazole d*(l»2,3,4-Tctrabydroijoqumolino)-ethyl 2-(9-inethylcarbazyl) 

ketone (37%) 

3- Acetyl-9-mctbylcarbazole ^ ^(l»2,3,4-Tetrahydroisoqumoliiio)-€thyI 3-(9-mcthylcarbazy!) 

ketone (78%) 

6-Methoxy-ttB,3t4-Mr(^^^t/droi80- 
quinoline hydrochloride, Jormalde- 
hyde, and 

a-Tetralone l-Kcto-2-(0-inct‘noacy-l,2,3,4-tctrahydroisoquinolinomctbyl)- 

1.2.3. 4- tetrahydronaphthalene (68%) 

l-Keto-d-znetboxy-I,2,3,4-tetra- 

bydronapbtbalene l-Keto-2-(6-methoxy-l,2,3,4~tetrabydroisoquinolinoinethyl)- 

6-methoxy-l,2,3,4-tetrahydroiiaphthalene (88%) 

l-Keto-6-acctoxy-l , 2,3,4- tetra- 

bydronapbtbalene l-Keto-2-(6-mcthoiy-l,2,3,4*>tetrahydroiaoquinolinomethyl)- 

6- acetoxy-l,2,3,4-tetrahydronaphthalene (74%) 

l-Keto-7-methoxy-l , 2,3,4- tetra- 

bydronapbtbalene l-Keto-2-(6-methoxy*l ,2,3,4-tetrahydroiaoqu5nolinoinethyl)- 

7- methoxy-I,2,3,4-tetrahydronapbthalene (68%) 


* References 67-74 api>ear on p. 341. 
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HtTRODRCnOK 

The Fries reaction consists in the conversion of an ester of a phenol to 
an o- or p-hydroxyketone, or a mixture of both, by treatment with alum- 
inum chloride. 

OCOR OH OH 

.Aici, (I^^COR 

COR 
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A second method available for the synthesis of similar compounds b the 
Friedel-Crafts reaction, in which a phenol, or an ether of a phenol, is 
condensed nith an acid chloride or acid mihj-dride in the presence of 
aluminum chloride. In spite of the fact that the Fries reaction requires 
two steps — the preparation of the ester and the rearrangement ^ to 
hydroxyketone — as compared to the angle step in the Frie e - ra s 
sjuthesis, the Fries method usuaUy is to be prefemd for the Pmpars- 
tion bt phenolic ketones. The yields me ordinsnly better and the 
experimental procedure does not have to be modified great y o ap 
it to a variety of esters. . . 

Three different mechanisms for the Fries rearrangement have received 
serious consideration. In one of them the ester b assum o reac wi 
aluminum chloride to give an acid chloride and a phenoip'aluminum 
chloride which combine to form a derivative of the hydroxyketone. 


OAICI, 


+ AlClj -*• I 


OAlClj 


OAlClj 

iCOR 


OAICU 

+ RCoa - HCI + j^ 

COR 

In another eeheme, it is pmposod that one moleeule ot the phenyl ester 
is acylated by another molecule 

rtu OCOR 



COR ^ ^ 

In the third mechanbm, ^oup shifts directly fro*^ 

intramolecular rearrangement in whicn _ ^ 

Ihe oxygen atom to the carbon *. support each of these 

Certain experimental facts can nrove or dbprove any 

n.echanis„.s/ but it has not yet been posrUe » ptote 
one of them. 

* BUtt. Chem. Rev., 87. 429 (1940)- 
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— 'uUv Esters of haloacetic acids and of alkyl, alkoxyl, and halo- 
aromatic acids have been employed. Esters of purely 

c£2^jtenruteu ^ ^ ^ ^ 


'^c^c'^aturated acids appear not to have been tried, but certain 
of cinnamic acid have been found to rearrange. 

und and Schnurr ® studied the relative rates at which the Pries 
^^^^tekes place with different esters of the same phenol (thymol). 

summarized in the following list, in which the 
iCtsr ® ■ firraneed in the order of decreasing rate of reaction. 

c^i ErOUp= ‘Ue oj. b 

nn fn = 1 to 5) > CeHECHzCO > CeH 6 CH 2 CH 2 CO > 

" C6H5CH=CHC0 > CsHsCO 


iisnes 


taa' 


pie of the ma^tude of the differences in rate, it may be noted 

^ Ct-o IiouTS in nitrobenzene solution at 20° the rearrangement of 
hex Bve liw ,, . 14/7/ 


,t. slt^ 


ocetate was 60% complete and that of thjunyl benzoate only 4% 
^ymy “ ^ order of reactivity of the acjd groups is the same for 


ns 


-- to either the o- or p-hydrox3ketone. 

of esters containing the less reactive acyl groups some- 
usefulness of the Fries rearrangement. For example, 
in* IfflU a-naphthol does not undergo a Fries reaction at the 
^^°i^perature.‘' The butyrate of a-naphthol furnishes, after 
gniis^ eighteen hours at 0°, 35% of 4-but3Tyl-l-naphthol and 
ljytrsTyl-l*ii^P^^^°^-’' At 100-120°, the same ester fmmishes 
■2?^ oi .^.pi-naphthol, 55% of 2-butyr5'l-l-naphthol, and 2% of 

'oh oh 

COR 


.■,i.dib«^ 


OCOR 


OH 



J.-- 


gjjjent of p-cresyl cinnamate does not take place at temper- 

pearrang ^ * i i 


,1 w that at which the ester imdergoes decomposition. 
isrS ^ esters of certain phenols, an increase in the size of 

crroup favors the formation of o-hj"droxjketone. This is par- 
S'J ^^g of the aliphatic acid esters of jn-cresol, for only the acetate 
grted to a p-hj'droxj'ketone. The same tendencj’’, although 
ounced) has been obser\*ed with aliphatic acid esters of a- 
Trjs indicated bj' the examples just cited, the importance of 

^gy] radical in determining the course of the rearrangement 
the structure of the phenolic residue. Although it is prob- 
to state that an increase in the size of the acyl group of a 

J praK- Chem., [2] 135, 49 (1932). 

J Am. Chm. Soc., 67, 202 (1935). 

-Ate®* 
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particular ester will increase the tenden(gr toward formation of the o- 
hydroxyketone, it is still posable to prepare p-hydroxyketones contain- 
ing verj' large acyl groups. Phenyl palmitate and phenyl stearate, 
for example, furnish the p-hydrtEqrketones (19 7%, 21%) when the reac- 
tion is carried out by heating the estem to 70» mth aluminum ch oride in 
tetrachloroethane. The yield of p-hydroxyketone from phenyl palmi- 
tate is less than half that from phenyl cuprylate but the ratio of para- to 
orlho-hydroxyketoncs is not greatly different mth these wo es rs ( . 
to 1.35).” 

Structure of the Phenoxyl Group 

The stracture of the phenolic portion of the ester is the ^ 

est importance in determining whether a Fn« rcM ion 
and whether the product will consist principal y o e i>- o 
ketone. The importance of this factor is reveled by 
products from esters of monosubstituted phenols. ® . usually 

mela-dirccting group on the aromatic portion of the p e y 
interferes with tho Fries reaction. For example, £ 

occur if the phenolic residue carries a nitro or ^ , y- jq the 

orlAo or para position; the presence of an acetyl or c nrevents 

errto pJition hinder^ the reaction, and. in the para position, prevents 

If the phenyl ester contains a single^-y^ Woirnd'^uence on the 
then the position of this substituent has p ^ predomi- 

nature of the product. For " 

nantly j>-hydroxykctones, ^'j^^d^.fclusively o-hydroxj- 

hydroxyketones, and esters of ^ ' ohserv-cd with a 

ketones. The effect of a para substiluen substituents 

variety of alkyl groups and effect of a mta substitu- 

has been observed with several alkyl groups, 

ent has been determined only with esters o disubstituted phenol 

The rearrangement products of mW reaction 

esters arc shown in Part C of the ^ j ^5 2 5-dimethylphenyl 
(p. 360). It will be noticed that with ^ 2-methyl-e<thylphenyl 
acetate, 2-ethyl.5-methylpheDyl aretate, isolat^. 

acetate, products formed by ini^tion o of high 

It is probable that these migrations they would not 

temperatures and prolonged used. Thus, the car- 

occur if more gentle experimental condi i hv’droxyketoncs without 

vacryl and thjmiyl esters jrielded the ^ procedures were used, 

migration of alkyl groups when mild expenm 

“ BeU »ad Driver, J. Chm. Soe.. 835 (IMO- 
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applicabhity and lhaitations 

The structure of the phenyl ester determines whether or not a Fries 
reaction will take place. If the reaction does occur -ndth a particular 
ester, the product may be either the o- or p-hydroxj'ketone or a mixtiwe 
of the two. The nature of the product is influenced not only by the 
structure of the ester, but also bj' the temperature, the solvent, and the 
amoimt of aluminum chloride used. By variation of these last three 
factors it is often possible to direct the course of the reaction so that 
either of the isomeric ketones maj' be the major product from the same 
ester. Since it is usually possible to separate the two ketones, the sjm- 
thesis is often useful even when it cannot be directed to the exclusive 
production of one isomer. 

Temperature 

A temperature effect in the Fries reaction has been observ-ed hy many 
workers.^ A striking example has been reported bj- Rosenmund and 
Schnurr,® who found that- at 25° onlj' the p-h3'droxj’ketone (80%) was 
obtained from OT-cresj'l acetate and aluminum chloride, while at 165° 
only the o-hj'droxj'ketone (95%) was formed. 

OH OCOCHs OH 

25° 165» CHsCOj^^^ 

CH, L^^CHj Aid. ^ U^CHs 

COCHa 

Similar observations were made in the rearrangement of TU-cresyl ben- 
zoate; below 100° onlj’’ the p-hj’droxyketone (60%) was formed, and at 
175° the ortho isomer was the sole product (95%). 

It is not alwa5’s possible to obtain at wiU either of the two possible 
products simplj' bj* vai^-ing the reaction temperature. For example, the 
higher aliphatic esters of m-cresol jdeld the u-hj'droxj'ketones even at low 
temperatures,'* and the esters of o-cresol jueld jr-hj'droxj'ketones as the 
principal products even at high temperatures.® GeneraUj', however, low 
reaction temperatmes favor the formation of the p-hj'droxj-ketones, and 
if these are desired it is good practice to keep the reaction temperatme 
at 60° or less.® 

- Eykmann, Chem. We^hhlad, 1, 453 (1904). 

* Rosenmund and Schnurr, .4nn-, 460, 50 (1928). 

* Balt 2 ly and Bass, J. Am. Chem. Soc., 55, 4292 (1933). 



srnucTimE of 


the acyl radical 


Sotrents 

• I X ilia ohspnce of solvent, but 
The Fries reaction can be earned ou ^ useful rate is low- 

the temperature at which the rcactitm P available to show 

ered by the presence of y^„ employed, such as tetra- 

vihether the other solvents which ha influence. Carbon 

chloroethane * and chlorobenzene, a rather special way: the 

disulfide has been used in the Fries tea » bisulfide then removed by 
reaction is begun in this solvent, t ® . heating in the absence of a 

distillation, and the reaction is comp c . concerning the effect of 

solvent.*.* ThcrcisUltlcinforroationatp^^^ produced. 

different solvents on the ratio . ^rangementof phenyl capryl- 
However, it has been shown that, . ^-mne formed in nitrobenzene 

ate at 70“, the proportion of the p- ^ ^ compared to 63%).'“ 

is higher than in telrachlorocthane (717 d 

Ratio of Ester to Reagent 

u k-nvl ester are generally employed in 

HiB aluminum chloride and Ihe pt' i„ the rearnmecraent ol 

approximately equimolar quan . chloride are • , , 

guaiacol acetate, two moles o aluminum chlonde is us y 

suggestion has been made p „ it would be desira^ to 

complex formation with the using two moles of aluminum . 

have mformatlon on the effec constituted estere, 

per mole ot ester with other, sim^W j, been found that the 
the acetate ot resorcinol by Si 

proportion of P-hy*w““;oC.S <>< L mo k 

vuo /0 pora, ov /o -c of thp exnense of unie- 

of the reagent is used /°^u;drosyke‘«“e ^ 

the increase in yield of o-hydro-’cy'^etone. 

acted material, not at e 

SBucturo 

ter may be either aliphatic or aro- 
The acyl radical of the PhJJ „ .«aHe acid have been used 

matic. Esteniofal.phat.ca» 

BT. 2330 t****'., «0/l932>. 

. n.,*, J. a~- ‘ ’ 

• ElicVe and «i, 417 
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Again, 2-meUiyl-6-i:thylplienyl acetate yiddfrd 50% of ti'o normal 
product together v.-ith some rearrangement product when the reaction 
mixture v.-as iieatcd for five hour?. Wlien more gentle conditions were 
employed the yield of the normal product rose to 73% and no rearranged 
product wa.? reported. In m.any of the esten- the acyl group migrated 
to the oriho po.dtion even though ihe para position wa.s vacant. Tins is 
due in part to the presence of alJr^d groups in the rnfla positions. Appar- 
ently, it Ls also duo in part to tiie high temperatures u.sed, .since the 
esters of caiamcrol and thymol fumhhed the 7 >-hydro.x}-ketones under 
the mild conditions employed in their rearrangement. 




cocrij 


CII, 


cn, 

OCOCHj 




-'CHj ' 

OH OH 

CHj 


C-.Hi CHjCO^^CiHs 
OCOCH, OH 


(Ref. 15} 


(Ref. 15) 


CiH 



C;Hs 


'JCBi 
OCOCH, 


COCH, 


■ CHjCO^iCH, 
OH K>r.(T3r.) OH 


(Ref. 16,17) 


In Part D of the tabular sur\-ey of the Fries reaction are given the 
products obtained from the acetates of seven trialkvdphenols, each of 
which has at least one vacant oriho or para position. In the second 
experiment, the onlj’ product isolated vras one involving migration of an 
alk 3 *l group, and only in the first and seventh were such products entirely 
absent. In the third experiment the transfer of a methyl group from 
one molecule to another also occurred. A comparison of the data of 
Part D of the tabular stirvev" with those of Part C indicates that migra- 
tions of alkyl groups occur the more readily as the munber of such 
groups is increased. However, even with the heavily alkylated phenyl 
esters it is probable that these migrations result from the drastic treat- 
ment with aluminum chloride and that they are not an int^ral jrart of 
the Fries reaction. 

^ Acttets. 2=d 447, 1C2 (192S). 

Airwen £i:d ilatiis, Anr^ 450, 240 (1S2S>. 

Acttets sni Jar-gea. Ann., 4S3, 44 (ISSO). 



STRUCTURE OF THE PHENOXYL GROUP 349 

The migration or removal of an allqrl group sometimes permits the 
Fries reaction to occur even mth esters of 2,4,6-trialkylphenols. How- 
ever, since very drastic conditions are required, these forced reactions 
must be investigated in each individual instance before they can be relie 
upon for preparative purposes. Part D of the tabular survey 
Fries reaction shorra the products obtained from the 2,4,6-tnallcyl- 
phenols. . , 

The esters of the three dihydroxybcnzcncs, catechol, resorcinol, and 
hydroquinonc, undergo tho Fries reaction. Esters of catechol yield pre- 
dominantly 4-acylcatechol3 and secondarily 3-a«ylcatechols. 

fSOCOClU ^ ^ j^OH 

I.^OCOCII| Cn,Coll.^OF L 


The usual technique may be employed with these estere, but 
able to treat an equimolar mixture of a dicster and ca ec o 
inum chloride.**' *» Resorcinol cstcre can be convert^ed to 4-acy ^ 
cinols or to 4,0<iiacylresorcinoIs using a variety o technique , « 

4.acylrcsorcinols arc so readily obtained 

acids or acid chlorides that the Fries reaction is seldom used for their 
preparation.*-' *' 


OCOCHj 


OH 


^ococn, 


OH 

CH,CO|r^ 

Ion’" 

'toCHj coch, 

The Fries rearrangement of the acetate of of 

the 2,4- (58%) and the 4,6-diacylre3orcmol Wc)- ^ce of 

the 1,2,3,4-tetrasubstituted denvative is explamcd 24-diacyl 

chelation which stabilizes the Kekule form leading to the .1.4 
compound.** nil 

OCOCII, OT ^ 

O jj^^COCH, CH,COjp ^ 

» ^Qj. y 


COCHj 


Joii 

cbciii 


'• Rooenmund and Lohhrt, Ber., 6*. 2601 »« 60 . 7 (1938). 

“ Miller, llartung. Rock, and Crwsler, /. • 

” Klarmann. J. Am. Chtm Soc.. 48. 3“* ,, 037 ) 

" Rosenmund and Schul*. Fhorm . 26^ JW j 3^2 (1933). 

" Roeenmund. Buehwald, and Drf.Rian»«. ' 

’’Cooper, Org. Suniheses. 21, 103 (iMl). 

“Cox. Rte. trap, ehim . 80. W 8 (1931). 

“Bakfr, J. Chem. Soc.. 1684 (1931). 
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Acyl derivatives of a-resorcyclic acid (3,5-dihydroxybcnzoic acid) are 
reported not to give the Fries reaction.-® 

The acetate of guaiacol furnishes tlircc products in the Fries reaction.-’ 
Particularly to he noted is the prc-scnce of a 7?i-h3'droxykctonc among the 
products, for the formation of m-hj'dro.xyketoncs in the Fries reaction is 
excecdingljf rare. 


OCOCHj OH OH OH 

O OCH 3 (f'^OCHj CHaCO/r'^OCHa rt'-'^OCHs 

■‘U ^ U •^CH.CoU 

COCH 3 


2G.37o 




i.0% 


The Friedel-Crafts reaction with guaiacol and acetyl chloride furnishes 
the same three products, making it evident that the formation of the 
m-hj’droxj'ketone is related to the ortho methoxyl group and is not a 
peculiarity of the Fries reaction. The resorcinol derivative yields an 
0 - and a p-hydroxyketone (12%, 11%) but no m-hydroxyketone.®® 


OCOCH3 

bcH, 



OH 


C^OCH, 

COCHs 


OH 

CHsCOrj^^ 

li^OCH, 


Esters of pyrogallol,®® phloroglucinol,’®' 1,2,4-trihydroxyben- 
zene,®" and of a number of hydroxydimethoxybenzenes and dihydroxy- 
methoxybenzenes have been studied. The products obtained from these 
esters are, with few exceptions, those to be expected and the yields are 
usually quite small. The use of more than one mole of aluminum chloride 
per mole of the ester might give better results. It has been reported that 
2,6-dLmethoxyphenyl acetate, with zinc chloride at room temperature 
in acetyl chloride as the solvent, furnishes the unsymmetrical product, 
the acetyl group taking a meta position.®’ The same ester on treatment 
with aluminum chloride yields the p-hydroxyketone.®® 


OH OCOCH, 

CHsOfr-^^OH zncu CH, 
l^^COCHs cmcoci 


OH 


:0[i^^OCH3 Aia, CHsOjr^XoCHa 

l! J cmsNOj |t J 


8 % 


COCH3 

7.5% 


Mauthner, J. prakL Chem., [2] 136, 205 (1933). 
^ Reichatein, Helv. Chim. Acta, 10, 392 (1927). 

« HeUer, Ber., 45, 2389 (1912), 

« HeUer, Ber., 42, 2736 (1909). 

Mauthner, J. prdkt. Chem., [2] 139, 293 (1934). 
« Mauthner, J. praU. Chem., [2] 118, 314 (1928). 
Mauthner, J. praJzL Chem., [2] 121, 255 (1929). 
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Tlie diacetate of 2-inethoxy-l,4-dihydro30^benzene undergoes a Fnes 
reaction and yields the dihydrojyketone (38%).** 


Esters of «-naphthol furnish 4-a^lnaphthol3 at 
tures.“' >*' « With an increase in the sue of the acy group, 
formation of the 4-acylnaphthols faJU off to such 
method is of little value for their preparation. 

ture results in the formation of 2-acylnaphthol3 an • ^ -g(iier 

fi-Naphthyl acetate furnishes l-acetyl-2-oaphthol (33-10%) together 
vdth 6*acetyl-2-naphthoI (5%).**’ **’ ** 

COCHi 

co“-c6”*»»co 

inseparable mixtures (2-acctoxy- and reaction but in no 

nishes the same products as the Fn^el-Crafts reactio 

better yields (&'acctox5-pb«nanthrcnc).« influence of the phcnj-l 

With one interesting exception, of the methyl 

group in esters of the hydraxybiphenyk is s . .biphenyl fumbh 

group in esters of the cresols. llius, jhe former incrca^- 

3-acyl- and 5-acyl-2-hydrox>'biphenyi3, Y g_hydrox>-biphenyl fur- 
ing with the size of the acyl group.’ 4.hydroTy- 

nbh 4-acyl-3-hydrox>’biphenyIs.« oa^ition of the second 

biphenyls the acyl group migrates to e ^ ^ ^ expected 

benzene ring, j-ielding 4'-ac>-l-4-MroxybiphenyU as 
3-acyl-4-hydrox>-biphenyls.*’ *’ **' * 

" Win and Braun. Btr.. 47, 3216 (19M)- 
** Fnw. Btr., S4, 709 (1921). 

“Frits and SchiinmelKluiudt, Rr*’., *a»' «g3l (1933). 

" Auwtra and Wittig. /. prckl. Chtm„ (31 (1934). 

- Harris and CirisUanstn. J. Am. 

“ Hey and Jackson. J. Chim. Sof, 

“ CheetW and Hey. /. Chtm. Sec.. 770 (1»4»- 
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COR 



OCOR 



TMth the acetate of 4-bydroxj’biphenyl the 4-hydroxj'-3-ketone is the 
principal product; nith the benzoate the 4-hydro>:j'-4'-ketone is the 
principal product. 

The Fries reaction of esters of h3’droxj‘coumarins proceeds nonnallj’ 
to jield the o-hj’drox)’ketoncs.**‘ *■' ■“ The reaction nith the acjd 

derivatives of 4-methj'l-7-hj'dro.vj'coumarin, made from resorcinol and 
acetoacetic ester, prondes a sjuithesis of 2-acj’lresorcinols.^* 



Although esteis of hydro.vjxoumarins rearrange readily, attempts to 
carry out the Fries reaction -svith acetates of the follovring hj'droxy- 
chromanones have been unsucce^ul.’^ 


O 

JL 


o 


COCHs 




Dssai and Hamid, C. -A., 32, 1254 (193S). 

*2 Lhnaye, Bcr^ 67, 12 (1934). 

« Tim aye and Munje. C. A., 32, 2096 (193S). 

^ Sethna, Shah, and Shah, C. A., 32, 549 (193S). 

KusseU and Prye, Org, 21, 22 (1941) - 

^ Kelkar and Timaye, C. A., 31, 2214 (1937). 
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THE REVERSE FRIES REACTION 

Rosemnund and Schmirr found that p-hydroasketones hai-ing an 
alkyl group orlho to Iho acyl group are cometted to m-alkylphcnyl estcis 
in escdlent yicldi on heating ndth suUuric, camphorsnlfonic, or phos- 
phoric acid. 


OCOCH* 


COCH, 




[Quantitative yield] 


It has been supposed that the temperature cff^t in ^ 

may be related to this reverse reaction; that is, the ^Mm^^^tone 
may revert to the ester, which then rearranges o e . pf^turc 
under the influcuee of the aluminum chloride and kiS thelomeric 
Indeed, the p-hydroyyketuue shot™ above is converted l» *'>“7“ 
o-hydroajketone on heating ufth dunrinum ehlonde. Howeter, 
ester has not been shown to be an mlcrroediate. 

SELECTION OF EXPERIMENTAL CONDITIONS 
The phenyl esters are 

^\-ith the acid chloride, or, if the acid chlon e - ^ 

Baumann acylation. If the starling materials are pure, 
esters often can be used directly. rarried out depends 

The temperature at which the Fries upon the 

upon whether an o- or i>-hydroxyketone is » discussed in sec* 
rcactmty of the acyl group. Th^ fac . a soh-ent, usually 

tioa II. If mild experimental conditions a se^-ere conditions is 

nitrobenzene, is employed. ''\®!_.chloroethane and chloro- 

generally carried out without a solvent. ^ run at temperatures 

benrene am useful solvents when Ihc react.ou or to be "a 
up to their boiling points. -Hror\-ketone one mole of an 

In general, for the preparation of a p- J • ^ nitrobenzene, and 

ester is dissolved in about five times ite ..^dcd in small portions 

from 1.2 to 1.3 moles of aluminum chloride j^ted by the heat 

The rate of addition of the aluminum o t„.entj’-four 

evolved in the reaction. Them«tureis allo«M^ It is then 

hours at room temperature or is heated to 60 Jor 
poured onto ice and dilute hydrocUonc acid- ^ ,3 

For the preparation of an chloride in a flask con- 

m«ed intimately wth l.S-1.3 moles of ahimm 
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nected with an air or water condenser. It is advisable to use a large 
flask as the mixture often foam.s during the reaction. The flask is placed 
in an od bath, heated slowly to 120°, and kept at that temperature for 
fifteen minutes. The heating should be done cautiously as the heat of 
reaction is often large. The upper temperatirre may be higher than 
120°, but it is desirable to keep the temperature as low as possible. After 
cooling, ice and dilute hydrochloric acid are added. 

Boron fluoride has been used to bring about the Fries reaction, but no 
details of its use are available.^' 

Several procedures are available for working up the reaction mixtures. 
Nitrobenzene or tetrachloroethane, when present, can be removed by 
distilling with steam. Alternatively, the reaction mixture can be ex- 
tracted with ether and the product isolated by extraction of the ether 
solution with aqueous sodium hydroxide. 

Mixtures of o- and 7 )-hydroxyketones often can be separated by virtue 
of the fact that the latter are not volatile with steam. If the a-hj'dro.\y- 
ketone is of such large molecular weight that it is not volatile with steam, 
a separation may be effected by distillation at ordinary or reduced pres- 
sure. Thus, o-heptanoylphenol boils at 135-140° (3 mm.) while the para 
isomer boils at 200-207° (4 mm.).'** If the o- and p-hydroxj'ketones are 
both solids, a separation often can be effected bj^ taking advantage of the 
fact that the ori/io isomer will be the more soluble in ligroin. Again, it is 
frequently possible to separate a pair of isomeric o- and p-h 5 'dro-\y' 
ketones b}' extracting •nith dilute sodium hydroxide an ether solution 
containing both isomers. The p-h3'dro3yketone is extracted more 
readily. 

EXPERIMEKTAL PROCEDURES 
The Low-Temperature Reaction in Nitrobenzene 

Preparation of 2-MethyI-4-hydroxyacetophenone.^ To a solution of 
10 g. of o-cres\d acetate in 50 g. of nitrobenzene is added in small por- 
tions 10 g. of aluminum chloride. The reaction mixture is left to stand 
for twentj'-four hours at room temperature and then is poured onto ice 
and dUutc hydrochloric acid. The nitrobenzene is removed b\' steam 
distillation, and the residual crude 2-meth}’l-4-h3-dro.\yacetophenone is 
purified bj' vacuum distillation. The 3 'ield is 8.0-8. 5 g. (80 to 85%) of 
pure ketone, m.p. 128°. 

'' Mecrwcin, 66, 411 (1933); Auwerf, Potz. and Noll, Ann., 535, 22S (193S), 

Read and Wood, Org. 20, 3S (1940). 
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The Preparation of a p-Hydroiyketoae in the Absence of a Solvent 

Preparation of 3-Methjl-4-hydroxjben2ophenone.<’ Fifty pam of 
o-ercsyl bcnroatc is heated to 130" and stirred tvhile 40|. of 

chloride is added. The temperature is raised to 160 and kept there for 

forty-fne minutes. After coolins, the reaction nutture is decomposed 

trith dilute hydrochloric arid, and the crude produe IS ere ^ 

On distillation, the material boils at 210-200" (12-15 mm.) and furnrshes 
45.5 g. (90%) of pure ketone, m.p 173 174 

The Preparation of an o-Hydroxyketone 

Preparation of O-Hydrory-O-methylbeniophenone. In a W 

necked, round-bottomed flask fitted irith n thermome 

denser are placed 76 E, (0.35 mole) of p<resyl 

mole) of alLlnum chloride. «e re^t^J^ X ^Setot^^- 

the flask is then placed m an oil bath at 90 . temperature of 

has melted, heat is applied to the bath, rapi y 

the mbeturo readies i20^ then slonly the thermometer 

tion mixture is kept at this temperature for te 

isremoved from the fl.ask, and the flask tsremovd^^^^^^^ ^ 

the reaction mixture is cold, it is added to a s ir 

ice and 150 cc. of concentrated hydwhl^‘c _ ‘ . j jg 7Q.73 g. of ft 

melted, the solid product is filtered and dried, i ne ja ^ 

yellow solid which is pure cnouph for point eonsiderablj-. 

small amount of impurity that . . gunerheated steam fol- 

The ketone may be purified 

lowed by crystallization from ethanol. 

yield is 00 g. (80%). 

Formation and separation ol.MUtur.,o.,.and^Hydroryl.=t.nes 

. t. e.i» In a 2-1., three-necked. 
Preparation of o- and ^Propiopben . sturdy mechanical 

round-bottomed flask fitted with a reflu’tcon ^ moles) of 

stirrer, and a 100-cc. dropping funnel P stirring is begun, and 
aluminum chloride and 400 cc. of ewbw solvent boils 

375 g. of phenyl propionate is added a sue reaction mixture is 

'igorously. men the addition is ~*”P . -n the reflu-x conde^er 
boiled on the steam bath for about two distillation. The 

is turned downward and the solx’cnt is 

** Cox. J. Am. Chtm. Soc., *9, 1029 
" Miller and Hartuos. Org. SvnSttM*. 1*. W ' 
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fln.gk is next heated for three hours in an oil bath maintained at 140- 
150°, stirring being continued as long as possible. 

The reaction mixture is allowed to cool and is decomposed by the 
cautious addition of a mixtrue of 300 cc. of water and 300 cc. of concen- 
trated hydrochloric acid, followed by 500 cc. of water. On standing 
overnight, most of the p-propiophenol in the upper oily layer solidifies 
and is removed bj' filtration. It is cr 3 'stallized from 400 cc. of methanol 
and furnishes 129-148 g. (34-39%) of light yellow material melting at 
145-147^. A second crj'stallization raises the melting point to 147-148°. 

The oil;* filtrate and the concentrated mother liquors from the above 
reciystallization are dissolved in 500 cc. of 10% aqueous sodium 
hj'droxide and extracted with two 100-cc. portions of ether to remove 
non-phenolic products. The alkaline solution is acidified, and the oily 
layer is separated, dried o%-er anhj'drous magnesium sulfate, and dis- 
tilled. The distillation ftmiishes 120-132 g. (32-35%) of o-propiophenol 
boiling at 110-115° (6 mm.) and 40 g. of p-propiophenol boiling at 135- 
150° (11 mm.). The total jield of crude p-propiophenol is 169-lSS g. 
(45-50%). 

TABULAR SURVEY OF THE FRIES REACnON 

The Tables include only reactions which yield phenolic ketones; re- 
actions which are accompanied by or followed by cjxlization, leading 
to hj'drindones, coumarones, or other polycyclic substances, are not 
tabulated. A discussion of such reactions, together with an extensive 
table of Fries reactions, has app>eared recently.'^’^ 

The use of one mole of aluminum chloride per mole of ester is to be 
imderstood unless a different ratio of aluminum chloride to ester or a 
different reagent is specified. The jmsition of the acyl group in the 
product is alwaj^ given with reference to the hydroxyl group as 1; if 
more than one hydroxyl group is present, the numbering is such as to 
give the lowest nmnbers to the carbon atoms canying the hydroxyl 
groups. Where a product is listed but no yield is given, the product was 
reported in the literature with no information about the jneld. 

Thonias, “.Anhydrous .Aluminum Chloride in Organic Chemistry,” American 
Chemical Society ilonograph Series, No. S7, pp. 695-709, Remhold Publishing Corpo- 
ration, Nerr Tori, 19tl. 
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C,H, — 

CiHu - 

COI,, CHCljCIICl, 

CiUu GIICljCHCli 

C»Hn C,IIjNOj 
COI, _ 

CJIu 

C»U<OCHrp — 

CuHa cnchcncii 

CuHa — 

Cijiin cncijcncij 

CuHu CHCljCIIClt 

ChH,, cncijCHCii 

CiiHst — 


* Ref«tenm 91-^ ippnr on p 360 

* Compv&blfl r«»ult 4 mre reported * wtth tbo pbenyl ** 
*«<1< up to and including e*pr>li« ocid. 

I^ottietbyUljoa at the ether hohage tahee place 


A. Estehs or Phesol 


24 hr. »t 2tt-25* — 

165* 

2hr.atbp,3hr *tlW- 30 

150* 

1-2 hr. at IW-ISO* 60 

l-2hr.atlG0-l60* 50 

6 hr at 70* f 

2.MClj;6hr.at70* 30 

2.UCli;6hr.at70* 2^ 

15 n^. at 140* 

1-2 hr. at 16O-1S0* 58 

15 min. at 140* 

10 hr. at 70* 

1 hr. at ISO* 


1 Products 

Refer- 

%2-Acy] 

% 4-Acy! 

ence 

ir~ 

7S mat.* 

3 

70 ms^. 

— 

3 

• 30 

- 

51 

60 

19 

11 

50 


11 

33 5 

45 

10 

30 

63 

10 

20 1 

71 4 

1 10 

_ 

Quanti- 



Utive 

3 

58 

— 

11 


80* 

3 

28 

46 

10 

Second* 

Principal 

14 

ary 

34 5 

43 

10 

14 9 

19 7 

10 

18 3 

21 2 

10 

Second- 

ary 

Principal 

14 
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B. Esters of Monosubstitcted Phekols 


Ester 

1 

1 


Products 


Substituent 

1 

Rof 

Acyl 

Group 

i 

Experimental Conditions 

% 6 -Acyl 

1 %4-Acy: 

Refer- 
ence * 

1 

2 -CH 3 

CHj 

CcHsNO2;24br.at20“ 



85“ 

3 

2 -CH 3 

CH 3 


55 max. 

— 

3 

2 -CH 3 

CH 2 CI 

140° 

20 

No yield 

52 

2 -CH 3 

CsHs 

3 hr. at 120° 

40 

No yield 

53 

2 .CH 3 

C 3 H 7 

1 

Overnight at room temper- 
ature, heat to 100-110° 

No \ield 

47 

17 

2 -CH 3 

C 3 H 7 

1 hr. at 160-180° 

60 

30 

11 

2 -CH 3 

C 3 H 7 

48 hr. at room temp. 

— 

30 

11 

2 -CH 3 


1 hr. at 160-180° 

46 

30 

11 

2 -CH 3 

CsHn 

f hr. at 160-180° 

60 

25 

11 

2 -CH 3 

i 

OgHg 1 

15 min. at 140° 

— 

Quanti- 

tative 

3 

2-CH3 [ 

CeHs 

1 

Add reagent at 130°; 45 j 
min. at 160° 

1 

1 

1 

91 

49 

2— CjHs 

CHs 

100-120° 

jNo yield 

i 

16 

2— CfiHsCHg 

CHs 

C 6 H 5 NO 2 ; overnight at 
room temp., 3-4 hr. at 
50-60° 


70*’ 

7 

2— C 6 H 5 CH 3 

CH 3 

170° 

— 

No yield 

7 

3 -CH 3 

CH 3 

C 6 H 5 NO 2 ; 24 hr. at 20° 

— 

82° 

3 

3 -CH 3 

CH 3 

165° 

95 

— 

3 

3 -CH 3 

CH 2 CI 

5 hr. at 150° 

50 

— 

54 

3 -CH 3 

C 2 H 5 

CeH5N02; 10 days at 2° 

65 

10 

4 

3 -CH 3 

C 2 H 5 

120-140° 

93 

— 

4 

3— CH 3 

C 3 H 7 

CeHsNO^; 10 days at 2° 

72 

3 

4 

3 -CH 3 

C 3 H 7 

120-140° 

75 

— 

4 

3 -CH 3 

C 3 H 7 

C 6 H 5 NO 2 ; 24 hr. at 20° 

88 

— 

11 

3 -CH 3 

C^0g 

C 6 H 5 NO 2 ; 24 hr. at 20° 

85 

— 

11 

3— CH 3 

C 4 H 9 

120-140° 

80 

— 

4 

3—003 

CsHu 

CeHjNOa; 24 hr. at 20° 

93 

— 

11 

3—003 

CjHu 

120-140° 

91 

— 

4 

3 -CH 3 

CeHs , 

CcHsNOz; 5 hr. at 60° 

— 

60 

3 

3—003 

OcHg 

15 min. at 175° 

95 

— 

3 

3 -CH 3 

C 5 H 5 

CSj; 3 hr. at room temp., 
heat to 90° 

50 

32 

49 

3 -CH 3 

CcHis 

CeHsN02; 24 hr. at 20° 

84 

— 

11 

3 -CH 3 

CeHi3 

120-140° 

67 

— 

4 

3 -CH 3 

CsHi 7 

120-140° 

75 

— 

4 


* Eefercares 51-^ appear on p. 3G9. 
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B. Est™ o, 

j Products 

Ester 
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Substituent 


Rof 

Acyl 

Group 


4-CHj 

4-CH, 

4-CII, 

4-cni 

4-CH, 

4-CH, 

4-CH, 

4-CH, 

4-CH, 

4-Cl 


4-Cl 

4-C,H, 

4-C,H, 

4-Cen,CH, 
4-0,11,011, cn, 
4-c,H,on,cH,cn, 


Experimental Conditions 


I CH, 

, CHjCl 
lc,H, 

IC4H9 

CjHii 

Cell, 

Cell, 

OeHi, 

CjHi, 

CH, 

j CH3CI 

on, 

OH, 

on, 

I oil, 
on. 


10 min- at 120* 

4 hr. at 140* 

Cold 45 min., waitn o 
steam bath 
2 hr. at 160* ^ 

10 min. at 120 
10 min. at 140* 

15 min. at 140*; heat to 
200* 

10 min. at 120* 

20 min. at 100* 


1 hr. at 120* 

5 Ur. at 140-150* 

I 05 hr. at 100-110 

CelUCl;3(M5®‘'*-‘*^'’ 

CelUCl; 30-45 min. at b.p 

|CelI,Cl;ath.p. 



* Befertnoce Sl-M »ppw>n J* ^ ^ ^^.1 «!«. «t »“>• 

•CoiDparibIare.u3t.»r«r«port«l*”0*‘^ 

ecide up to .nd Includ.ni '“?'»'** U,,proplo~t^»wW"‘*' 

» Cotnportblo r..al« »r. roporW » ,„d pn™*^ * „ - p.r, tb« 0.« 

‘Comr^rebl. r..uU. .r. ropoTUd^^^^,«^,,,^b,,„oor£rmod.‘ 

<»Cotnper.bl..o.ul«»r,top.ir.«t**Uh^^ e-bromobw 

* Compunblfl roiulu or* , , r« ol B-oUorepbeool »b4 ® ^ 

‘'rcSsri.::™;;. •» — •" ^ 

* Comperebl. r..i.l.. •*»-‘*'‘ •*"' ^ 

ctbyD-pbaaol. 
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C. Esters or Discbstit uted Phenols 


Ester 

Experimental 

Conditions 

Products 


Substituent 

R of Acyl 
Group 

% 

6-.4cyI 

% 

4-Acy! 

Refer- 
ence * 

2,3-Dimetbyl 

CHs 


60 

— 

16 

2,3-Dimethyl 

CHs 

Heat on steam bath 

69 

— 

57 

2,4-Diinethyl 

CHs 


No yield 

— 

15 

2,4-Dunethyl 

CfHis 

130-140° 

74 

— 

17 

2 -Methyl-^thyl 

CHs 

6 hr. at 130-140° 

77 

— 

16 

2-Methyl-4-€thyl 

CjHs 

3 hr. at 130-140° 

70 

— 

17 

2-Ethyl-4-methyl 

CHs 

130-140° 

No yield 

— 

15 

2,4-Diethyl 

CHj 

5| hr. at 130-140= 

67 

— 

16 

2-Methyl-4-buD'l 

CH 3 

130-140° 

63 

— 

17 

2-Ethvl^nropvl 

Cids 

9 

No yield 

— 

17 

2-Chloro-4-methyl 

CHr 

10 min, at 120 ° 



3 

2-Chloro-4-methyl 

CtHs 


92 

— 

3 

2-Ethyl-4-chloro 

CHa 

2 hr. at 120 ° 

No yield 

— 

53 

2,5-Dimethyl 

CHa 

18 hr. at room temper- 
ature, heat to 120 ° 


70 

15 

2-Ethyl-o-inethyl 

CHj 

130-140° 


15 

2-AIethyl-5- 

CH: 

C6HEN02;24hr.at25= 

— 

90^ 

3 

isopropyl 






2-Methyl-5- 

CtHs 

CtHsNO-; 5 hr. at 60° 

— 

60 

3 

isopropyl 






2-Propyl-5-methyl 

tjiis 

CtHsNO.; 18 hr. at 20 ° 

— 

82 

3 

2-Isopropyl-5- 

Cils 

CeHsNO.; 24 hr. at 20= 



87° 

3 

methyl 






2 -Isopropyl-o- 

CtHs 

CtHsNO"; 5 hr. at 60° 

— 

70 

3 

methyl 






2 -Isopropyl-o- 

methyl 

CtH 5 CH=CH 

CrHsNOj; 48 hr. belovr 
20 ° 

— 

SO 

3 

2,6-Dimethyl 

CH 3 



81 

16 


• Eefsrences 51-^ a p ;>ear on p. 309. 

® Ccnparabl^ rerft* are reported * ■rddi Ihe prc;£onate and bntjraie cf ^-dJoro-J^a.eihylpb.encL 
^ Ccnpnrabls resnlta are reported 2 yr.ih tie prcpcenite. bnt^rete. and iso-ralerate of csrvaerot 
*Cc=.piTsbIe r5-;St. ire rep<rrted = -iri-i lie xircjeeiitt, bclynle. ■jmlenle, Fi.*= 7 li:eUre, 
iprylste, and ijdrt>cinnan:ate of tiyinoi 











tabular survey of the fries reaction 



[ 

Products 

Experinieiital 


% 

Conditions 



6-Acyl ‘ 

hAcyl 

OvcrwBbt *t room 

- 

59 

temp , beat nt 100- 
110* 

Overnight at room 


67 

temp., heat at 100- 
110* 

Overnight at room 

_ 

47 

1 temp., heat at 100— 

no* 

Overnight at room 

_ 

65 

temp-, heal at 100- 
110* 

Overnight at room 


75 

temp., beat at 100- 



no* 

5 hr. at 130-140* 

2.Methyl- 

4-ethyl- 

SO 


O-scetyl 

73^ 

Overnight at room 


temp., heat to 100- 



110* 

100-120* 

Unidenti- 

fied 

>.hyidioa- 

yketone 

60 

No 






yield 

4 hr. at 130* 

No yield 

— 

4j hr. aboro 100* 

70 

— 

10 min. at 120* 

Quanti- 

— 




10 min. at 120* 

No yield ' 

' — 

10 min. at 140* 

Quanti- 





10 hr. on steam bath 

80 

— 

2 hr. on steam bath 

No yield 

2,6- 

diaryl 

10 hr at 100-120* 

No yield 


.ported ** •*“ bFpUno»t». Mic 

,« proivoo«t« ftnd bistJTml* of 


dod«»no»to 


f 2-n>f0iy'-*' 
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D. Acetates of Teiscbsteiuted Phks'ols 


Snbstituents 

Experimental 

Conditions 

Products 

Refer- 
ence * 

2,3,4-TrimethyI 

130-140= 

6-Acetyl 

15 

2j3,5-TrimethTl 

2| hr. at 130-140= 

1 

2,3,4-TrimethvI-6-acet'rI, 

86% 

15 

234,5-Triniethyl 

i 

4 hr. at 130-140= 

2.3.4- TiimethyI-6-acetyl, 
principal 

2.4.5- TrimethyI-6-acetyl, 
considerable 

3,4-DirDethyl-6-acetyl.,smaU 

2,3,5,6-Tetramethylphenol, 
very small 

15 

2,4r-DimethyI-5-ethTl 

6 nr. at 130-140= 

2.4- DimeLhyl-3-€thyI-6- 
acetyl, principal 

2.4- Dimethy]-5-ethy]-6- 
acetyl, secondary 

Total yield, 75% 

16 

2-Ethyl-4, 5-dimethyl 

1 

6§ hr. at 130-140= 

2-EthyI-4, 5-dim ethyl-6- 
acetyl 

2-Ethyl-3,4-dimethyl-6- 

acetyl 

16 

2,4-Diethyl-5-niethyl 

5 hr. at 130-140= 

2,4-Diethyl-5-methyl-6- I 

acetyl 

2,3-I>:ethyl-4-methyl-6- 

Bcetyl 

Total yield. 65% 

16 

S.Ao-Trimethyl 

5 hr. at 130= 

2-Acetvl 

15 

2,4,6-TriinethyI 

11 hr. at 130-140= 

2,3.4-TrimethTl-O-acetvl, 

42% 

2,6-Dim ethyl-4-Bcetvi, 1% 

15, 17 

2,4-IHmetjfiyI-6-ethyI 

7 hr. at 130-140= 

1 

1 

i 

2,4-DimethyI-3-ethyi-6- 
acetyl, principal 

2-E thyl-3.~-dimetbrI-S- 
1 acetyl, secondary 

Total yield, 70% 

16, 17 

2,(>-Diinethyl-4-ethyl 

j 5 hr. at 130-140= 
i 

1 

2,6-D3methy!-i-acetyl ! 

2.4- Dim ethyl-6-acetyl 

2.4- Dimethyl-3-ethyl-6- 
acetyl 

Total yield, 50% 

17 

Cf. 16 

2-Mcthyl-4,0-d;eth:.-l 

j 7 hr. at 130-140= 

! 

2-MethyI-3.4-dicthy!-6- 
acctyl, 70% 

10, 17 

2,0-Diethyl-4-m ethyl 

i 5 hr. at 130-140= 

i 

j 

2,3-Dieth3-I-4-mcthj-l4i- 
acetyl, 00% | 

16 






TABULAR SUR\’EV OF THE FRIES REACTION 363 


D. Acetates of TBisuasimiTEo Phenols — CorUinued 


Substituents 

Eipcrifnental 

CondiUons 

Products 

Refer- 

S.C-Djinethyl-^-propyl 

130-140* 

2,6-Djn5ethyl-4-acety], 46% 
Unidentified o-hydroxyke- 

17 

2,6'Dimethyl-4-butyl 

3 hr. fct 130-140* 

2,6-DimethyI-4-acetyl, 40% 
Unidentified a-hydroxyke- 
tone, 10 % 

17 

2-Metbyl-4-ethyI-6-aIIyl 

4 hr. at 130-140* 

2-Methyl-4-ethyI-6-acetyI, 

50% 

17 

2-Methyl-4-ethyl-5- 
propyl 1 

130-140* 

2-Methyl-6-propyl-4-ncetyl, 

25% 

Unidentified a-hydroxyk^ 
tone, 25% 

17 

1 

3 

1 

3 hr. St 130-140* 

Unidentified a-bydroxyke- 
tone, 30% 

! 17 

1 

2,4,0-Trlethyl 

Chr. St 130-140* 

2,$,4.Triethyl.6-acetyl, 65% 

16 

2-MethyI-4-butyl-6-ettiyl 

4 hr. at 130-140* 

3-MetbyI-4-butyJ-d-aectyI, 

•46% 

17 

2,G>DimethyI-4-ben3yI 

3 hr. at 130-140* 

a.O-Ihinefhyl-l-Reetyl, 63% 

17 

2,4-Diinethyl-6-heptyl 

a hr. at 130-140* 

Unidentified a-bydroxyke- 
tone, <50% 


' 2,6-Dimetbyl-4-heptyl 

4 hr. at 130-140* 

2,6-Dimethyl-4-ocetyl, 18% 
Unidentified o-bj droxyke- 
tone. 3.5% 

17 

' 2-Methyl-4^thyl-6-bcn*yl 

4 hr. at 130-140* 

2-Methy3-4-ethyl-&-Bcetyl, 

63% 

Unidentified o-hydroxyke- 

tonc, 33% 

17 

2-Methyl-4-heptyl-<5-ethyl 

130-140* 

17 

2.(>Dimethyl-4-dodecyl 

8 hr. at 130-140* 

2,6-Diinethyl-4-iM:etyl, 20% 

17 

2-MethyI-4-dodccyI-ft- 

ethyl 

3 hr at 130-140* 

2-Methyl-6-ethyl-4-M;etyl, 

5% 



• JJe/ereocM 51-W appwr on p. 309 
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E. 'Esters of PoLTETDHOxrBES’rssxs 


Ester 

Solvent 

Eiperimental 

Conditions 

! 

Products 

Refer- 
ence * 

Cateciol diacetate 

CeHsXO; 

2 hr. at 75° 

4-Acyl, S0% 

18 

Catechol dipro- 
pionate 

CsHsXOi 

45 hr. at room temp., 
vrarm on steam 
bath 

4-AcyI, 39>fc 

IS 

Catechol dibutjrate 

1 CtHjXOr 

J hr. at 100° 

4-Acyd, 35% 

IS 

Catechol dibntvrate 

CiEslsCh 

Add 1 mole catechol; 
2 hr. at S0° 

4-Acyl, 35% 

IS 

Catechol divalerate 

cs- 

Add 1 mole catechol ; 
42hr. at 135-140= 

4-Acyl, 50% 

1 

19 

Catechol dSso- 

CSj 

Same as divalemte 

4-AcvI, 60%: 3-acvI 

19 

valerate 





Catechol diiso- 
valerate 

CiHaKCb 

Add 1 mole catechol; 
1 hr. at S0° 

4-Acvl. 40% 

IS 

Catechol dicaproate 

CSi 

Same as divalerate ' 

4-.4cyl, 72% 

i 19 

Catechol diiso- 

CS- 

Same as divalerate j 

4-.4cyl, 60%; 3-acyl 

i 19 

caoroate 


i 



Catechol dibeazoate 

CjHjXOj 

4 hr. at 100° 

4-AcvI, Quantitative 

: IS 

Catechol distearate j 


1 hr. at 110° 

Xo pure urodnet 

■ IS 

Goaiacol acetate I 


ZnCl-; heat to b.p. 

4-.4.cyL 25% ; 5-acyl, 
5.6% ; C^cyl, 1% 

27 

Gnaiacol acetate j 

C^H5^'OJ 

1 3 days at room temp. 

4-Acyi, 30% 

18 

Guaiacol propionate ' 

CtHsXO; 

! 

'2Aia;; i-1 hr. at 
SO', ovemiaht cold 

4-Acyl, 50%; 4.acyl- 
catechol “ 

11 

Gnaiacol propionate * 

Oi52 

2A!Cli; 2 hr. at 140= 

4r-AcvIcatechol. 51 % 

19 

Guaiacol butyrate i 

cs- 

Senas zs propionste 
in CS: 

4-Acvlcatechol, 23— 
62% 

19 

Guaiacol caproate 

cs- 

Ssme zs propionate 
in CS- 

’ 4-AcvIcateehoI, 30- 

i ,~'c- 

-/ /C 

19 

Guaiacol heptanoate 

CS; 

Same as propionate 
la CS; 

i 4-Acvicatecho], S- 
1 17% 

19 

Eesorcinol diacetate 

— 

2.yai; 4 hr. at 130= 

2,6-DiacTl & 

22 

Resorcinol dincetnte 

— 

ZnCl-; 130° 

2,6-Diacvl, 40-50% 

2*0 

Reorcinol raono- 
methyl ether 
acetate 

CtHs>'o.: 

24 hr. at room temp. 

4-Acyl, 11%; 6- j 

acyl, 12% 1 

! 

25 

4-EtbylrEsorcinol 

ciacetate 

C-JHsXOi' 

i 1 

i j 

1 1 

i i 

■ 2-yCIi- -4dd 1 mole 

1 0f4-ethylre£0.- i 
1 cinol; IS hr. at 

1 room temperature, 
i 3-4 hr. at 60= 

&-Acyl, Qnantita- ; 
tive i 

i 

1 

22 


• H^cr««s 51-C4 ipptsr cz. p. 3-v>. 

* C<t=pirib!f rt-riltir rr^'.rttd ‘sili* tL* tnjrilit, nl'Enl't, ir.s 

' 0:r::p-irai;!e Ttrzlu ir^ rrF»:Tt«i = lL» d^prrptcra-te, dictrtjTaV!-, <i:Txltra.t^ 

^ Cctspar^b!? r»?rulij ar* repcrt>tri = »ft£. tl/t cTr-rtTratie. claiprx^it/?. <£la-rraVt. 

^ VTithcr: ti* cf 4-'‘tbTb*¥.H: ! clr.^ t3>» ji*-ld is . CcarpirthC* r<s*:;Iis xz^ r*p«cr:*»i — 

Trilb ii.« diiprcptcaa^c, crb*rr jral^, <£ijrrx2crat<% <£-£prc!iic. aid dTldsc-aie. 
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Ester 


4'EthylresoreiDoI 

thseetaCe 

4'Ethylresorcinol 

dipropionate 

4- Prop} Iresorcinol 
diacetate 

4'Propylre3orcmol 

diaeetate 

5- MethyfreaorcinoJ, : 
1-aeetate 3-mono- 
meth}! ether 

4-Beniylresorcuiol 

diacetote 

llydroqumonc di- 
Bcetnte 

Hydroquinone di- 
propionate 

Pj^^Iol triacetate 

Pjrogailol monoace- 
tate dimethylether 

( 1 , 2 . 3 ) 

Pyrogallol monoace- 
tate lUmethyiethct 

( 1 , 2 , 6 ) 

I*yTOgaUol nionoace- 
tate dimethylether 
( 1 - 2 , 6 ) 

Pyrogallol monoace- 
taf e dimethylether 

(1,2,6) 

Pyrogallol mono- 
chloroaeetate di- 
methylether 

( 1 . 2 , 6 ) 


Solvent 

Erpoimental 

Conditions 

Products 

Refer 

- 

2A)Cl3;3-4hr.atCO 
ir. at tlO 

- 2,6-Diacyl, 50% 

22 


2AlClj;3-4!ir.at60- 
70* or 5 hr. at 1 10' 

2,6-Diacyl. 50% 

22 

C,H»N0, 

Same as 4-ethylresor- 
einot diaeeiate in 
C,H»NOj 

6-Acyl * 

22 

C«HiNQj 

2.AlClj;4hret60-70* 

2,5.Diac}l, 40% 

23 

CefliNOj 

24 hr. at room tem- 
perature 

O-Acyl, 50% 

26 

CjlIeNC), 

Add one mole of 4- 
bensylresoteinol, 
hr. at 50* 

6-Acyl, 85%^ 

7 

CelTiNO, 

2 hr. at 75* 

2.Acjl, 23% 

18 

CeHeNO, 

2 hr. at 75* 

2-AcyJ, 24% 

28 

_ 

ZnC!j:2hr. at 145* 

5.6.Diac}l. 26% 

23 

c«n»NO, 

24 hr at room tem- 
perature 

6-Acyl. 61% 

26 

C,IIs.VO, 

24 hr at room tem- 
perature 

4.Acyl. 7 5% 

32 

- 

ZnCIi; 3 hr. at 120* 

3-.Acetyl-6'iDethoxy- 
1,2-dihydroayben- 
tene. 8% 

a-Acelyl-C-melhoxy- 
l,2^ihydrovyben- 
zcne, 107o 

31 

CIIjCOCl 

ZnClj; 4 irerhs at 
room temperature 

31 


8 hr. at 100* 

3-Chloroaeetyl- 

pyTOgallol 

31 


• lUfeTMit** 5t-e4 »ppe« on P 309 

* CompM»ble re»ull» »r» reported wili t»« iiprvfoOMtK, ditatjnte, »a<l 

rwulu »r» reported » «,ih iLa d,pc«Iwi»M.dilm<mte, nod dnnoenlemU of 4-beo»jrP 
rtnoraool tai orth tb« nmne wter. of e-ta-pt-eopletbrO-reKmBoL 
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E. Esters op Polthydroxybenzenes — Conlinued 


Ester 

Solvent 

Experimental 

Conditions 

Products 

Refer- 
ence * 

Trihydroxybenzene, 
l,4-diacetate-2- 
methyl ether 

CeKsNOa 

24 hr. at room tem- 
perature 

5-Acyl, 38% 

26 

Phloroglucinol tri- 
acetate 


ZnClo; 3 hr. at 130° 

2,4,6-Triacetyl- 

phloroglucinol, 

60% 

20, 29 

1 

Phloroglucinol tri- 
acetate 

o 

o 

24 hr. at room tem- 
perature 

2,4,6-Triacetyl- 

phloroglucinol, 

28% 

30 

Phloroglucinol tri- 
benzoate 


30 min. at 130-140° 

2,4,6-Tribenzoyl- 

phloroglucinol, 

30% 

18 


F. Esters of Naphthols, Hydroxtbiphentls, and 
Htdroxyphenanthrenes 


Ester 

Experimental Conditions 

Products 

Refer- 
ence * 

a-Naphthyl acetate 

C 6 H 5 NO 2 ; 18 hr. at 0 ° 

2- Acyl, 16%; 4-acyl, 
42% 

12 

a-Naphthyl acetate 

U 6 tl 5 lSU 2 ; 18 hr. at 25° 

4^Acyl, 28% 

12 

a-Naphthyl acetate 

2 hr. at 100 °, 1 hr. at 120 ° 

2-Acyl, 61%; 4r-acyl, 
5%; 2,4Riacyl, 4% 

13 

a-Naphthyl acetate 

4 hr. at 125° 

2-Acyl, 50% 

34 

a-Naphthyl acetate 

5 hr. at 150° 

2-Acyl, 25%; 4-acyl, 
10 % 

60 

a-Naphthyl propionate 

2 hr. at 100 °; 1 hr. 120 ° 

2-AcyI, 54%; 4-acyl, 
6 %; 2,4-diacyl, 2% 

13 

a-Naphthyl butyrate 

U 6 H 5 iN 02 ; 18 hr. at 0° 

2-Acyl, 22%; 4-acy], 
35% 

12 

a-Naphthyl butyrate 

2 hr. at 100°; 1 hr. at 
120° 

2-Acyl, 55%; 4-acyl, 
3%; 2,4-diacyl, 2% 

13 

a-Naphthyl valerate 

2 hr. at 100°; 1 hr. at 
120° 

2-Acyl, 40%; 4-acyl, 
2% 

13 

a-Naphthyl phenylace- 
tate 

C 6 H 6 NO 2 ; 24hr. at 0-10° 

2-Acyl, 14%; 4-acyl, 
37% 

12 


♦ References 51-C4 appear on p, 3C9. 
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F. Esters of Naputbols, HruBoxTBiPHENtLs, and 
IItdroxtthenanthbenes— C orUtnufd 


Ester 

ExperimMital CoiMUtioni 

» Products 

a-Naphthyl benzoate 

Room temperature in 
CeKsNOj or b p. in CS, 

No reaction 

^-Naphthyl aeetate 

CS},' ) hr. atNp., 4br.al 
120* 

1-Acyl, 40% 

0-Naphthyl acetate 

30 min. at 121)° 

I-Acyl, 33% 

0-Naphthyl acetate 

ZnClj; 150-160* 

6-Acyl, 5% 

0-Naphthyl chloro- 

CSj; 1 hr. at bp., 4 hr. 

Naphtho[2,l-I>] faren. 

acetate 

at 120* 

1,2-dihydro-l-one, 

20% 

2-lIydroxybiphenyl 

3 hr. at 130* 

5-Acyl, 60%; 3-acyl 

aceiaid 



Z-IIydroxybiphenyl 

30-4S min. at ICO* 

^Acyl; S-acyl, 8% 

propionate 



2-IIydroxybiphenyl 

butyrate 

30-43 min. at ICO* 

5-Acyl, 40%, 3-acyl, 
15% 

2-irydroTybipbenyl 

valerate 

3tM3 min. at 160* 

5-Acyl, 40%,'3-Myl, 
20% 

3-IIvdrotvbiohenvl nro- 

30-43 min at ICO* 

4-Acyl, 71% 

pionate 



4-IIydrosybjpheny} 

acetate 

CirClrfniCl,; 2 hr at 
140* 

3-Acyl 

4*Hydroxybiphenyl 

CS,;30mm at 140* 

3-Acyl: 4'.acyl, 4% 

acetate 



4-JIydroxybiphenyl 

CnajCHClj; 1 hr. at 
140* 

4’-Acyl 

4-HydrQxybiphenyl 

benzoate 

CllCIjaiClj; 1 hr. at 
140“ 

3-Acyi 

4-nydroxybiphenyl 

CSj.Jhr. atlGO* 

4'-Acyl, 22% 

benzoate 



2-lIydroxyphenanlhrene 

acetate 

? 

Mixture contains over 
10% l-acyl 

3-Hydro\yphenanthrene 

AlCh or AlBr, 

No crystalline product 

acetate 

AlBrj:C»lI,NOj;2|hr. 
at room temperature 

10-Acyl 

O-IIydroxyphenanthrene 

2-nydroxy-9,10-dihydro- 
phenanthrene acetate 

CSj; 1 hr. at 140* 

3-Acyl, 24%; 7-acyl, 

23% 


Refer- 


12 

34 

61 

37 


40 


6 


36 

36 

36 

62 
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G. Estees of Htdroxtcoemaeixs 


Ester 

Experimental Conditions 

Products 

Refer- 
ence * 

4-AIetliyl-5-EydroxT- 
coumarin acetate i 


6-.Acyl 

44 

4-!MethyI-7-hydroxy- i 
comnarin acetate 

1 hr. at 120-140=’ 

8-Acy], 15-20% 

63 

4-iIethyl-7-hydroxy- 
conmarin acetate 

1 hr. at 140-150" 

6-.4cyI, 4%; 8-acyl 

41 

4-Methyl-7 -hydroxy- 
coumarin acetate 

Rapidly to 125°; then 
heat during 2 hr. to 
170° 

8-AcyI, 75% 

45 

4-Methyl-7-tydroxy- 
cotunarin propionate 

1 hr. at 165-170° 

&-Acyl, 28 %; 6-acyI 

64 

4-AIethyl-7-Iiydroxy- 
coumarin benzoate 

1 1 hr. at 160-170= 

i 

S-Acyl, 63% 

42 

4-MethyI-7-hydroxy- 
coumarin p-toluate 

1 ? 

S-Acyl 

64 

4-Phenyl-7-hydrosy 
coumarin acetate 

1 hr. at 165-170° 

S-Acy], 50% 

43 

4-Phenyl-7-hydroxy- 
coumaiin benzoate 

1 hr. at 165-170° 

8-Acyl 

43 

4-p-Bromopbenyl-7- 

hj’drosycontnarin 

acetate 


8-.4.cyI 

43 

4-p-Tolyl-7-hydroxy- 
coumarin acetate 

1 hr. at 165° 

8-.\cyl, 7% 

64 


* References 51-C4 appear on p, 369. 
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Acetyls-ilicyclic acid 
Caproylaalicylic acid, 
methyl ester 
2-Acetyl-t-m<thylphenyl 
acetate 

2-Ben*oyl^incthyl' 

phenyl benzoate 
Phenyl-o(anisoyl) 
benzoate 

Diphenyl pMhalate 


Experimental Conditions 


C«nsNOt;41ir at 60* 

CSj:2hr.atb.p.,heatto 


CHCljCnCl*; 2 hr. at 
90* 

CHCIsCIIClz: I hr- “t 


4-.\.cyl, 60% 

I 4-Acyl, 82% • 

2,&-DiTcyl, "6% 

No reaction 

Pbcnolphthalrin 90% 

Phenolphthalein, 63% 
l-lIydroTj-antbra- 
quinone, 33% 


• C0»par*ble malM « r.p«nrf ' f« tb. !>»«>»««. « 


te, tad isonprrUle. 

Moiineo, Or* 5vnt»«eJ. St. 45 O^D 

•‘Auweri. Bfr,49.813a9l6). 

H Auweri and Wittig. Btr . 

•‘Fries and Finek, Der . 41. 4.71 <I00S). 

« Smith and Opie, J Org CArm . «. 427 (1941). 

- Augers, Ber.. 48, 90 (1915). 

‘•Auwera and Borsche. ' ... ,,^3,, j,. js, 534 (1933)]. 

•• Imoto. J. Ch<m. • 

■ -»■ 
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INTRODUCTION 

The migration of an alkyl group or a halogen atom in a sulfonic acid 
derived from a polyalkylbenTOne, a haJogenatod polyaJkyJbenfene, or a 
polylialogenatcd benzene b known as the Jacobsen reaction. The reac- 
tion is nearly ah\ ays effected by treating the hydrocarbon or halogenated 
hydrocarbon with concentrated sulfuric acid and allow-ing the resulting 
sulfonic acid to remain in contact trith the soUuric acid. The first 
observation of a rearrangement of this kind was made by Herzig ^ (1881), 
who recorded the rearrangement of a polyhalogenated benzencsulfonic 
acid. However, the reactions have taken the name of Oscar Jacobsen * 
(188C), who discov’ered the rearrangement of polyslkylbenzenesulfonie 
acids. 

TIjc migrations of the Jacobsen reaction may be divided into two 
general types: (a) intramolecular, in which the migrating group moves 
from one position to another in the same molecule; and (h) intcrmolee- 
ular, in which there is a transfer of one or more groups from one mole- 
cule to another. In most cases, migrations of both types occur simulta- 
neously. An important characteristic of the reaction is the migration of 
the alkyl groups to vicinal positions. The rearrangement of durenesul- 
fonic acid is a typical e.xamplc. 

SOJI 

CHijj-^CHi ii,so« ^ 


SOaH 


>cn, 


SO,H 

|CH, 


CH, 


CH, (1,^30,11 


msot 

cir, 

chJL^ch, 


CH, 

U^iamethylbcfiMns 


SO,H 

CHj 
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It is knovm with certainty that the rearrangements of the Jacobsen 
reaction involve the suh'onic acids, not the hydrocarbons.* This is shown 
by the fact that durenesulfonic acid rearranges in contact with phos- 
phorus pentoxide, a reagent which has no effect on durene itself. Also, 
the sulfonic acid from pentamethylbenzene rearranges when left in a 
desiccator over concentrated sulniric acid, whereas the hydrocarbon is 
tmchanged under the same conditions. As yet no completely satis- 
factory explanation has been advanced regarding the iimction of the 
suh'onic acid group in promoting the rearrangement.’ Xor is it posible 
to account for the side reactions which occur during the course of the 
Jacobsen reaction. The by-products are suffur dioxide and polymeric 
materials ranging from tars to insoluble, im'usible solids. It is known 
that part of the sulfur dioxide is in some way liberated from the sulfonic 
acid during rearrangement, while the remainder results from the oxidiz- 
ing action of sulfuric acid on the organic substances present in the reac- 
tion mixture. 


TEE SCOPE OF THE REACTIOIT 

The Jacobsen reaction has been limited, with few exceptions, to the 
polyalkj-lbenzenes, halogenated polyalkj'lbenzenK, and halogen deriva- 
tives of benzene. The rubstituents which have been shown capable of 
migration are CHg and C2H5 (the only two alkyl groups studied), I, Br, 
CL and SO3H. Xo Jacobsen rearrangement of compounds containing 
amino, nitro, methoxyl, or carboxyl groups is known. 

The ease with which rearrangement takes plac-e depends on the groups 
attached to the benzene ring. If only halogen is present, rearrangement 
occurs even when the benzene ring carries but one substituent. If both 
halogen and aikyl groups are attached to the ring, then rearrangement 
occurs the more readily the greater the number of alkyl groups, provided 
that at least one unsubstituted position is present. If only alkyl groups 
are present, then rearrangement occurs only with the tetra- and nenta- 
alkyl derivatives. Thus, the sulfonic acids derived from the trialkyl- 
benzenes, hemimenitene,*^ pseudoeumene,* mKitylene,* 1.2,.|^triethyl- 
benzene,^ and 1...3.5-triethylbenzene - are stable to sulfuric add. 

The synthetic value of the Jac-obsen reaction lies in the formation of 
vicinal derivatires by migration of the alkyl groups of compotmds con- 
taining these groups in non-vicinal positions. Thus, the tetramethyl-, 
tetraethyl- and tiimethylethyl-benzenes of non-vicinal orientation rear- 

* S=ri zzid Ce^ J. At-.. C}.€t.. Szc., 5L, 1614 (1932^. 

* llorle szzzi s=£tr. J. Or^. Cr.m., 2, 112 (iSST). 

^ Mcjl?, J. At.. Crjsr.. See.. 53, 1 (1936.. 

' Smith mm Gtms, J. At.. Cr-er.. Sze.. 62, 2631 H&iO). 
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range to valuable vicinal dcrivaUves. Thia is in direct contrast to the 
orienting effects in rearrangements brought about by 
ride. • In the polyalkylation of benzene by the Friedel and Crafts meth- 
od, non-vicinal derivatives are fomed. For instance, .t ^ 

the Irimethylbenzene fraction produced from benzene, methyl chloride, 
and Xrous aluminum chloride contains no 1 ,2,3-trimethy benzene 
(hemimellilcne), nor does the telramcihylbenzcne 
1 2 3 4-tetramcthylbenzene (prehnitene).» The fact that alkyl gro p 
;£ttoelvesinthem.l«P»^^^^^ 
may bo ascribed to 

influence of aluminum chloride. Thus, it ™ ^ 

l,3-dimethyW-(-butylbenzene e, converted to the l,3,5-.somer by 
num chloride.* 

CIIj 

AlCIi ^ 

UCHj 
aCH,). 

of an alkyl S^oup «=»« »«“ 

rearrangement The nolvalkylbenzenes arc the prep- 

with the rearrangement of ^“^^ieblo^m-i^l'n* from the 4,C-dihalo-in- 

ThTrearrangeme„tcfh*»a«^^^^^^^^ 

which pure products can bo ,y„thctic value. The 

quently, the method canM ^ jujiuatc any tendency 

observations ";bich have to PJJ^ polyhalogenated rearrangement 
toward vicinal onentation 

products. detailed results of iuvestigations 

In the folloitving section are given 

of the Jacobsen reaction. crcBeoce of »iumi- 

c V hii.c.t of bIW***®" r*MT«ngen<en m 

• For Brehicw of the subject o« 25,329(1939). 
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EXAMPLES OF THE JACOBSEN REACTION 
Polyalkylbetizenes 

Tetrametfaylbenzenes. The equation for the rearrangement of dizrene- 
sulfonic acid * is sho-wn on p. 371. PrehnitenesuKonic acid has been 
obtained in 70% jdeld when the reaction was carried out by sulfonating 
durene with concentrated sulfuric acid and allowing the suKonation 
mixture to stand for twenty-five daj’s at room temperatxire.® The other 
products were sulfur dioxide, carbon dioxide, and verj’’ small amounts of 
5-pseudocumenesulfonic acid and hexamethylbenzene. About 30% of 
the reaction product was a brown amorphous material. 

Isodurenesulfonic acid rearranges to prehnitenesuifonic acid, but the 
j-ield is somewhat less than that obtained from durene.^’ ® The bj*- 
products are essentiallj'’ the same as those from durene. 

CHj CH3 

O SO 3 II i fain reaction 

CH, 50% ^ 

CHs CHs 

Isodurenesulfonic acid Prehnitenesuifonic add 

Prehnitene is sulfonated by sulfuric acid, and the sulfonic acid does 
not rearrange.® 

The 1,2, 4,5- and l,2,3,o-tetraethylbenzenes rearrange to give 

products analogous to those obtained from the tetramethyl derivatives. 
However, the reactions with the tetraethjdbenzenes are much more 
rapid (15 minutes at 100°), and the 3^6^ of l,2,3,4-tetraeth3’lbenzene is 
90-92%. The rearrangements of the tetraeth3’lbenzenes are the onl3' 
recorded instances of Jacobsen reactions in which the tarr3', pol3'meric 
b3'-product is entireh' absent and practicall3' no sulfur dioxide is evolved. 

Ethyltrimethylbenzenes.^' ^ The sulfonic acids of l,2,4-trimeth3’l-5- 
eth3'lbenzene (5-eth3'Ipseudocumene) and l,3,5-trimeth3'l-2-eth3’lben- 
zene (eth5'hnesit3dene) rearrange to that of l,2,4-trimeth3’l-3-eth3*l- 
benzene (3-eth3-lpseudocumene). The fields are relative!}' low, owing 
to side reactions which involve elimination of the eth}"! group or one of 
the meth}'l groups. In the chart on p. 375, the sulfonic acid groups are 
not included in the formulas because their e.xact positions are unknown. 

’ Tohl, Bfrr., 21, 904 (ISSS). 

1= Jacobsea, Bcr., 21, 2SH. 2SI9 <1SSS). 

“ Gallc, Bcr.. 16, 1774 (1SS3). 

Tohl and Karchotrsld, Bfr., 25, 1530 (IS92). 

Smith and Kiess, J. Am. Cficm. Soc., 61, 9S9 (1939) 
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Pentamethylbenzene and Pentaethylbenzene. The rearrangement of 
pentamethylbenzenesulfonic acidi"*' is intermolecukr, a methyl group 
being transferred from one molecule to another. 


SOsH 

CH3 


CH3 

CHa 


CHa 

CHaf^ 

CHaliv^^SOaH 

CHa 


+ 30% amorphous 
material 


Pentaethylbenzene imdergoes a similar reaction, but the 

jdelds (20-30%) are inferior to those obtained in the pentameth 3 d- 
benzene rearrangement. The bj-products are formed in much larger 
quantities. This is in contrast to the tetraethjdbenzenes, which rear- 
range more readilj’^ than the tetramethyl derivatives. 

Hexamethylbenzene -• ’ is not affected bj*^ sulfmic acid. 

Octahydroanthracene. Octahydroanthracene-9-sulfonic acid is re- 
arranged by sulfuric acid to octahydrophenanthrene-9-sulfonic acid. 
The reaction is rapid (20 minutes at 90-100°), and j-ields as high as 
85% have been obtained. This is one of the rare cases in which the 
action of .sulfuric acid is improved bj^ the presence of a diluent. Sulfmic 
acid containing a little acetic acid is used to effect sulfonation and rear- 
rangement. 



Halogenated Polyalkylbenzenes 

4-Iodo-m-xylene.’®’ ^ H*hen 4-iodo-m-xjiene is treated v.ith concen- 
trated sulfuric acid and the reaction mixture is allowed to stand for 
several weeks the products isolated (in unspecified fields) are di- and 
tetra-iodoxxienes and an iodoxylenesulfonic acid. 

>* JaTOteen, Bcr., 20, S90 (18S7). 

Smith and Lui, J. Am. Chem. Soc., 51, 2994 (1929). 

Smith and Gus?, J. Am. Chtm. Soc., 62. 26S4 (1940). 

'• Schroeter and Gotiskj-. Bcr., 60, 2035 (193T!. 

'‘Hammerich, B<t., 23, 1634 (1S90). 

” TOh! and Baach, Btr., 23, 3117 (1S90) ; 26, 1105 {1S93). 
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No roorrangcments have to rcport«l ^ tooMoBon derivativcB of o- 
and p-xylenes. „ , „jjs of 1,2,4-tri- 

6. (and 6-)Halopseudocumene^ ^0 

melhyl-5-chloro. and 1.2.4*lrimcU»yl-6^1‘'«^^5"“ 
suUonie acid of l, 2 . 44 rimeti.yl^-.I 
in yields of 71 and 44%, rcspccUvcly.* 
involve intramolecular migration of tlic i oe<^ 


cn,(j^cii, 
ciiK^\ 

fl.Cbl«op..u4a««c.^. 


Clljj 
' CIlJ 


Cl 

^CIW 

>fto»n 


Cllijr^CIIi 

Cl 

e.Cldsropi*'*^*''*’""'* 


The corresponding “"'■“'“"f," ~,IIotodocumcno) in 00% 

of l,244rimcthyi4-bromolx!nKne (wrom 

yield.*'" A small amount of 1,2, 

(tribromopsoudocumcno) IS obtain J^„,iocumcnc) gives '» “ 

l,2,4-Trimethyl-5dodobenzcne ■ „e,d, and 

two diiodopscudoeumenM, Ml reported. 

pseudocumene-6-sulfonic acid, y 

cum-n-'f-'"'''’’"'" 

, !. ... .. ' 11,0 snlfonie neid of a 

Halomesltylenes. „«nf,nw»dlvlcne rearranges ca^dy „_r,. 

to bo BtnUc, liut tbal of bn ,|g,r„„„„,cBityl™o, and ^ 

mixture of ■”"‘‘1’'™ J''„„|i,,,, of 'iodonu-itylcne lead, to a 
mesitylcno. H'" 

„ M iftHU («w»* 

«« Jftcobpion. * j'.Bft (tnWI. 

“ Kurwl, n^r.. »*. P ,oou (IW). 

•■T5H.n,iniljU 
“ Rono. /n"'. I**’ ' 
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products, the character of which depends primarily on the reagent. No 
jields are reported. 


I I SOjH 




Halotetramethylbemenes.-- All three monochlorotetra- 

methylbenzenes ^ ^ (l,2,4,.S-tetramethyl-.3-chlorobenzene, 1,2,3,5-tetra- 
methyI-4-chlorobonzene, l,2,3,4-tetrametbyl-.5-ch]orobenzene) rearrange 
to pentamethylclilorobenzcne and l,2,4-trimethyk3-chloro-5-benzene- 
sulfonic acid. In these reactions migration of a methjd group must 


occur. 

Cl Cl 

CHs^'^CHj CHiT’^CHi 


CHr 

Cl CHj 

Cilsrodzrecs 3-Cilorti'p^eT:d>- 

♦ ^<4 

T 

Cl 

CHi 


Cl 

CHrT'^CH, 

CHj 


The corresponding bromo compounds, 1..2,4,5-Letramethyl-.3-bromo- 
benzene (bromodurene -'), l,2,3,.5-tetramethyI-4-bromobenzene (bro- 
moisodurene and 1..2;3,4-t€tnmiethyl-5-bromobenzene (bromoprehni- 
tene) react differently. No migration of a methyl group occurs, but 
the bromine migrates intermolecularly to gire dibromo comi>onnds. The 
sulfonic acid from which the bromine has been removed is that of durene. 


Srsiih srid J. Am. Cf^em. See., 55, 1G76 (1933). 

^ TonU Ber., 25. 1527 (IS02>. 

~ JseoKeu, Ber., 20, 2S37 (1557). 
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4 , 6 -DniALO-«-XVI^^® 

L^odurene, or prehnitene ’the firj ^ 

sulfonic acid. ^ The yiel^ ^The tlirce isomeric dibromo- 

those of prchnitenesulfomc acid .^^'jvylbcnzcnc do not rearrange 
tetramethylbenzenes and undergo a slow decomposition 

in contact with sulfuric acid, but unaergo 
accompanied by evolution of sulfur io\i c. 


ChJL^CII, ’ 


cH.i!^cn. 

Ur 

lodurc&o C*a%) 
Br 

* chJ- 


SO,H ■ 


Dib 


SOsH 

CIT*|'^Cn> 


SOjU 

cn, 

SO,H 

CHs 

Ptehjuun^'ofti* »d 4 


Br 

CH.i^ 

CIIj 

Br9jat4«odur«M Dibrom^-^adur*"* (S)t5) 

d™..,.™.!™ “'“““js?""'"" 

^ ® •. of (UbromoOcta- 

9 -BromoSctahyilroiii'Uii"*”'-'’ °",1, siiltunc nci^ 

hyilroanthraccno nml »n octalo-Jroan*™ 

jieldincO.lMibrotnoOctabjJroj'"'''”" , ,„i been proved, rt 

eultome ncid. Tlio stmetiito ot Iho lano 
probably the 9-isomer. 

■ ‘ '1 

^ill 


Br 

Jromo0pt9liy'lro*nlh™ 


9 JO-Dibrtoa®*'^ . — 

^ 2 . 4 - 

Jacobsen reaction. Cl 

Cllifl 


cS^Vi 

4 9.|HAV>r»« »’ 
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4.6- Dibromo-7n-x3dcnc rearranges in the same way, forming 2,4- 
dibromo-m-xylene (about 25% yield). From the behavior of other 
halogen compounds, it is likely that the halogen atom is the migrating 
group, although the same products would be produeed by migration of a 
methyl group. 

Dihalogen derivatives of o~ and p-xylenes have been reported to rear- 
range, but the jnelds of definite products were very low.^ 

6.6- Dibromopseudocumene.=® l,2,4-Trimethyl-5,6-dibromobenzene 
(5,6-dibroraopseudocumene) was treated with clilorosulfonic acid by 
Jacobsen. Sulfonation was accompanied by the formation of tribromo- 
pseudocumene and l,2,4-trimeth3d-6-bromobenzene-3-sulfonic acid. The 
jdelds were not reported, but the main product isolated was tribromo- 
pseudocumene. 

SOsH Br SO3H 

CH3|j''^CH3 CH3|j^^CH3 CH3rr''^CH3 

Br Br Br Br 

5i0-DibromO“ 5,0-Dibromopscudo' Tribrorao- C-Bromopseudocumene- 

pscudocumenc cumene-3-eulfonic psudocumcno 3-«ui/omc acid 

acid 

3- (and 6-)Halo-6-fluoropseudocumenes.®° Only a few fluoro com- 
poiinds have been investigated in connection with the Jacobsen reaction. 
No instance of migration of a fluorine atom has been reported. For 
example, 5-fluoropseudocumene undergoes no rearrangement when it is 
sulfonated and the sulfonic acid is left in contact with sulfuric acid for 
three months. TiTien 3- (or 6-)bromo-5-fluoropseudocumene is treated 
with sulfuric acid, rearrangement involving intermolecular migration of 
the bromine atom occurs. The methjd groups are unafiected. The 
analogous chloro-6-fluoropseudocumenes give the corresponding dichloro- 

Br Br SO3H 

CH3tj^^CH3 CH3/^CH3 

CH3'1s^F ^ CHsl^^F 
Br 

3-Broino-5-fiuoro' 3,6-Dibronio-5- S-FIuoropseudocumene- 

_ pseudocumene fiuoropseudocumene S^ulfonic acid 

fiuoropseudo cumene and the same fluoropseudocumenesidfonic acid; 
yields are not reported. 

Jacobsen, J5er., 21, 2827 (18SS). 

Jacobsen, Bcr.. 19, 1221 (1886). 

Tohl and Muller, Ber,, 26, llOS (1893), 
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avoided; if any are formed thej' should be broken up. The reaction 
mixture of crystals and red liquid is allowed to stand at room tempera- 
ture for twenty-foiu* hours, then cooled in an ice-salt bath. To it is now 
added 165-200 g. of cracked ice in three portions with vigorous stirring. 
The cold mixture is filtered and the filter cake pres.sed as drj" as po.ssible; 
the precipitate is then stirred with 700 cc. of cold water and again filtered. 
The product is a mixture of hexamethylbenzene and tar while the red 
aqueous filtrate contains the prehnitenesulfonic acid. 

The filtrate Is treated with excess of powdered calcium carbonate, and 
the precipitated calcium sulfate is filtered and thoroughlN' washed with 
water. The calciiun prehnitenesulfonate in the combined filtrate and 
washing is converted to the corresponding sodium salt bj' addition of a 
saturated aqueous sodium carbonate solution as long as an 5 ' precipitate 
forms. The precipitated calcium carbonate is filtered and washed with 
water. The filtrate and washings are evaporated to dijmess on the 
steam bath. The residue of sodium prehnitenesulfonate weighs 40 g. 

Since the prehnitenesulfonic acid undergoes extensive decomposition 
when heated with sulfuric acid, the sodium salt is advantageouslj’ b}'dro- 
l 5 *zed to the hydrocarbon bj' a “flash” method. In a steam-distillation 
flask, pro^dded with openings for a thermometer and dropping funnel, is 
placed about 100 cc. of water. Superheated steam is passed into the 
flask, and concentrated sulfuric add is then added slowly from the drop- 
ping funnel until the temperatiure of the diluted add reaches 150- 
160°. At this point a satiuated aqueous solution of 40 g. of sodium 
prehnitenesulfonate or a thin paste of solid and water is run into the 
flask at such a rate that the temperatme of the mixture remains at 140- 
150°. Careful control of this temperature is essential. Hydrolysis 
takes place rapidly, and a pale yellow oil separates from the distillate. 
The crude oil weighs 20 g. (88%). Upon distillation, over 90% boils 
at 97-9S°/24-2.5 mm.; m.p. —7.4°. Highly purified prehnitene melts at 
-6.4°. 

From a Mixture of the 1,2, 4,5- and 1,2,3,5-Tetramethylbenzenes 
(Durene and Isodurene). A mixture of durene and isodurene, b.p. 
82-84°/15 mm. can be obtained by fractionation of the h 5 *drocarbons 
produced by the reaction of methyl chloride and aluminum chloride 
with the mixed xylenes (see ref. 3 for details). A mixture of 100 g. of 
this fraction, 67 cc. of concentrated sulfuric acid and 33 cc. of 60% 
fuming sulfuric acid is shaken (in a 500-cc. glass-stoppered Erlenmej-er 
flask) for about five minutes. The resulting solution is heated to 80° 
for a period of nine hours. The black, nearly solid reaction mixture is 
then broken up and poured over .500 g. of crushed ice. After filtration of 
the insoluble material (18 g.) the solution is cooled to -rl0° and the sul- 
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65-70° for four hours and is then poured over 150 g. of crushed ice. The 
resulting mixture is cooled in a salt-ice bath imtil crystallization of the 
sulfonic acid of 3-chloropseudocumene is complete. The cold mixtiu'e 
is then filtered and the cake is pressed dry. The sulfonic acid is dissolved 
in 75-125 cc. of water, and the insoluble tar (4.5 g.) is filtered and dis- 
carded. The cold solution is treated with an excess of 20% sodium 
hydroxide, and the precipitate of sodium sulfonate is collected by filtra- 
tion. The filtrate is concentrated to one-third volmne, chilled, and 
filtered to jdeld a second crop. The total yield of sodium 3-chloro- 
pseudocumene-sulfonate, after drying at 110°, is 35.4 g. (71%). 

The sodium salt is dissolved in 250 cc. of 50% sulfuric acid, in a 500-cc. 
flask arranged for steam distillation. The flask is heated in an oil bath 
until the internal temperature is 135-155°, Steam is passed into the 
liquid until the distillate is homogeneous. The organic layer of the 
distillate is separated, dried over a little calcium chloride, and distilled 
imder diminished pressure. The pure 3-chloropseudocumene, boiling at 
127°/61 mm., weighs 17.2 g. (79%, based on the sulfonate). 

3-Bromopseudocumene. By vigorous shaking, 19.9 g. of crude 5- 
bromopseudocumene is dissolved in 120 g. of 20% fuming sulfuric acid 
which is maintained at 70°. After solution is complete the reaction 
mix-ture is treated as described in the above procedure. The sodium salt 
of 3-bromopseudocumenesulfonic acid, which weighs 27.1 g. (90%), is 
hydrotyzed by steam distillation from 50% sulfuric acid maintained at 
175°.“ The 3-bromopseudocumene boils at 85.5-86.5°/5 mm. and 
weighs 14.0 g. (80%, based on the sidfonate). 
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1.5- Diben2oyl-2,G-dimethyln8pMbal^ 

149 

4.6- Dibcnzoyl-l,3-Tylene, 147 
Dibromodurene, 379 
Dibromoisodurene, 379 

9,10-DibromooctahydroantbraceDesul- 

fonic acid, 379 
Dibromoprehnitene, 379 


Dibromopscudocumene, 3S0 
2 , 4 -Dibromo-w-'cylene, 373, 3S0 
AO-Dibromo-m-cylene, 373, 380 

3,5.Dicarboethoiycyclopentanedione.I.2, 

2S4 

Diehlofodurenes, 69 

Dichloroflooroiscudocumene. 380 
l^-Dichloronaphthalenc, 381 
j jD«;Woo>3-nsphthaleDesulfoii.c acid, 

4,6.DicWoro-'n-x>'e“f' 37,3, 

Dieekmann reaction, 274 
table. 294-295 

4 O-Diiodo-m-xylcM- 377 

,.D J«"» 1« 

157, 158 

DinaplS 

226,233 

Duiene, 371. 374 

Dumoesulfonicacid.37J.4/ 

147 

sidereacUoDS, 147 
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Erlcnmcycr azlactonc synthesis, 223- 
224, 231, 263 

Ester condensation, 260-302 
mixed, table, 292-293 
Esters, in Mannich reaction, 310, 313 
in Reformatsky reaction, 33, 34 
of phenols, cHoromefhylation of, S4, 85 
preparation, by Arndt-ELstert syn- 
thesis, 62 

self-condensation of, 266-302 
■ table, 290-291 
unsaturated, sj'nthcsis of, 11-13 
Ethers, aromatic, chloromcthylation of, 
S6-SS 

Ethyl acj’lacetatcs, preparation b3' va- 
rious methods, 299 
Ethjd benzoj'lacetate, 282-283 
preparation by various methods, 299- 
300 

Ethj-l a-benzojdpropionatc, 301 
Ethj-1 7-bromoaccto3Cctate, 4 
Ethj'l butyrate, self-condensation of, 
280-^281 

Ethyl n-butjTylacetate, preparation by 
various methods, 299-300 
Ethyl caprate, self-condensation of, 281- 
282 

Ethyl caproate, self-condensation of, 
281-282 

Ethyl caprylate, self-condensation of, 
281-282 

Ethyl v-chloroacetoacetate, 9 
20-Ethylcholanthrene, 151 
Ethyl -/•,7-diethoxyacetoacetate, 282-283 
Ethj'l ethoxalylacetate, 278 
Ethjd ethoxalj-lisobutyiate, 288 
Ethyl tt-ethylaciylate, 318 
Ethyl heptoate, self-condensation of, 
281-282 

Ethyl l-hydroxycyclohexj-lacetate, 17 
Ethyl isohutyrylacetate, preparation by 
various methods, 299-300 
Ethyl o-isopropylacetoaeetate, 297 
Ethyl c-isoTalerylisovalerate, 2S8 
Ethyl laurate, self-condensation of, 281- 
282 

Ethylmesitylene, 375 
EthylmKitylenesulforuc acid, 374 
Ethjd o-methyl-^phenyl-iS-hydroxT- 
butyiate, 17 


Ethyl mjTistatc, self-condensation of, 
281-282 

Ethjd pclargonatc, self-condensation of, 
281-282 

Ethj'l ^-phenjd-,8-hydroxjTrropionatc, 16 
Ethyl propionate, self-condensation of, 
280-281 

Ethyl propionylacctatc, preparation by 
various methods, 299-300 
5-EthyIpfcudocumcne, 374 
-sulfonic acid, 374, 375 
3-EthyIpscudocumcnesulfonic acid, 374 
Ethj'Iresorcinol, 164 
Ethjd succinylsuccinatc, 283-284 
Efhj'ltrimethj'lbenzenes, 374 
Ethjd valerate, self-condensation of, 
281-282 

Fonilic acid, 260 
7-(2-nuorcne)-butj'ric acid, 166 
5-Fluoropseudocumene, 380 
Formaldehyde, in chloromcthylation of 
aromatic compounds, 66 
in Mannich reaction, 327-32S 
Formalin, 66 

Friedel-Crafts sj'nthcsis of phenolic 
ketones, 343 
Fries reaction, 342-369 
experimental conditions, 353-354 
cxjrerimentid procedures, 354r-356 
formation of m-hj'droxj'ketones in, 350 
mechanism, 343 

migration of alkyl groups, 347-349 

reversal, 353 

scope, 344-353 

solvents, 345 

table, 356-369 

temperature effect in, 344 

2- Furanacetic acid, 230 

1,2-Glycols in Clemmensen reduction, 
158 

tt-Ealocarbonyl compounds, reduction 
of, 162 

a-Haloesters in Eeformatskv reaction 
4, 20-33 

3- Halo-5-fiuoropseudocumenes, 380 
O-Halo-S-fluoropseudocamenes, 380 
Hat'''"''aated benzenes, 381 


I Wocf'asloJ poljTiIkylbciucnfn, 376 
lItIomr«ityI('nr<, 377 
«»-HalomethjlJiftonf% 30-tO * 

3-77«Jofvcu(liKnijnpnf*v SS3 
S-HAJoiwoudocumctins 377 
G-IIaJopcudorumrnns 377 
II&lotMrsmMhjItjfniPDO*. 37S 
IlrmimpIljtfnfKul/onje arid, 372 
IlrutnrihylbpnzPnc, 371. 374 
/S-n-JIfTjhcTjlie aful, 3S3 
Hippurk a«din I’crlin rpMtion,231 
j>-I[otnoaru«amid!>, 61 
Hydantoin in JVzkin rwwlion, 232 
^Ilydroxyrjtcrj, dfsl^•afie of, 14 
dehydration of. 11-13 
mluction of, 8 
eynthtsi^ of, 1-37 

o- and 7>-nydro*ykclon«', eeparation of 
mUturw, 351 

*ynth<>«w by Fzim reaction, 312-3C9 
2-1 IydroTy-3-jwph th) Ucctanif ide, 61 
2*(4'-lIydro'(jThenyIftmino)-naphtha- 
lcne-OH>ulfoni<: acid, 131 
2-(4'-nyilMT}'phan)lamino)*8-naphtho!» 

O^ulfonie acid, 131 
4-1 lydroxy^.phcn) 1 propiophcnonc, 
CIcmmcnwn rcduciionof, ICS 

toilomMhyIcne, 373 
lodomctli)lilion, 72 
4-Iod>m.*3rIcne, 370 
4-lodo-m-xyIcnMl-«ulfonic acid, 377 
laodurenMuIfonic acid, 374 
Isoquinolinc^, reiluction by »nc amal- 
gam and acid, 102 

>7aeob«en macfion, 37tl-3Sl 

Kefeno in IVrkin reaction, 215 
<»*Kcto acids, reduction by Oenunensen 
metboid, 159 

7-Keto acids, reduction by Clemmensen 
jnelbcd, IGO 

/S-Keto esters, from 5'hydroxy esters, 11 
reduction by CIeinin»nsen method, 160 
survey of methods of synthesis, 297- 
302 

synthesis by Reformatsky reaetion, t 
7-Kcto-T-(2-fluorene)-butync acM, 
Clemmensen reduction of, ICC 
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Ketones, aromatic, chloromethylation of, 
65, 39 

consTrsion to nett higher homolog, 
322 

in Mannich reaction, 308, 312, 315, 
325, 320 

in Reformatsky reaction, 23-32 
of slerol group, reduction of, 16S 
phenolic, reduction, 158, 159 
reducijon by Clemaensea method, 
157-161 

<i,5*un.saturstpd, from bisnnicb bases, 
318 

l-Ket<r-2-(l,2,3,4-letrahydroisoquincilino- 
melbyl)-l,2,3,4-tetrahydronaph- 
tbalene, 329 ' 

Knoevenagel modification of Perkin 
reaction, 220, 233 

Magoesium, use m Reformatsky reac- 
tion, 16 

Malomc acid, 222, 226 
Malonic esters, preparation of, 271 
Mannicb reaction, 303-341 
application in synthesis, 318-827 
by-jHt>ducls, 329 
expenmental conditions, 327-328 
etpenmcntal procedures, 329-330 
mechanism, 30<3 
related reactions, 310-317 
rewsoJ, 310 
scope. 307-316 
oolreals, 327 
tables, 330-341 
hfesitylcnesulfoiuo acid, 373 
Mesitylmagncsium bromide in ester 
condensations, 267, 277 
Meaodihydropentacene, 147 
p-Methoxycmnamic acid, 249 
3-Melho.ty-4~hydroTyciDnamio acid, 260 
7-Metho*y-2-melhyl-2-carbo'cy-l, 2,3,4- 
tetraliydrophenanthrece-l-(S-pro- 

j»ome acid, dimethyl ester, 63 
hlethylal, 66, 71 
Methylation of phenols, 166 
2(>-MethyI-4-a*aefiDlantArene, 143 
Methyl bensoylacetafe, preparation of 
2S3 

2l>-Mcthylcholanthrene, 144, 163 
I cr-BIcthylrionamio ac'd, 251 
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4-Methyl-3,5-dicarboethoxycyclopen- 
tanedione-1,2, 284 
Methyl p,8'-diphenyladipate, 248 
3,4-MethyIenedioxycinnanuc acid, 249 

2- Methyl-4-hydrosj'acetophenone, 364 

3- Methyl-4-hydroxj’benzophenone, 366 
l-Meth}'I-2-keto^phenyH ,2,6,6-tetra- • 

hydropilimidine, 326 . ’ • 1 

4- Metbyl-l-keto-l,2,3,4~tetrabydrapb6n- ' 

anthrene, Clemmensen reduction 
of, 108 

Methyl 7-methoxy-2-methj’I-2-carbo- 

inethosy-l-hydroxy-l,2,3,4-tetra- 
hydrophenanthrene-l-acetate, 18 

7- Methyl-4-(a-iiaphthoj’l)-hydrindene, 

153 

8- (l-Methj’l-4-naphthoj-I)-propionic acid 

' in Clemmensen reduction, 163 

7-Methyl-l-naphthylamme, 120 

1- Methyl-S-phenylpyrazoline, 325 
Michael condensation, use of ilannich 

bases in, 320-322 
. Migration, of alkyl groups, 371 
of halogen atoms, 371 

Naphthalene, chloromethylation of, 70 
Naphthols in Bucherer reaction, 105-127 
a-Naphthylacetic acid, 60 
ethyl ester, 62 

2- Naphthylamine, 120 
Naphthylamines in Bucherer reaction, 

105-127 

a-Naphthyl-4-(7-ethylh}’drindenyl)-car- 
binol, 151 

p-Nitrophenol, chloromethylation of, 71 
o-Nitrophenylpyruvic acid, 253 
N-Nitrosomethylurea, 50 
N-Nitrosomethylurethan, 50 
a,S-Nonenoic acid, 262 

Ti-Octadecylbenzene, 167 
Octahydroanthracene, 376 
Octahj'droanthracene-9-sulfonic acid, 

376, 379 

Octahydrophenanthrene-9-sulfonic acid, 
'376 

Organozinc halides as intermediates in 
Eeformatsky reaction, 2,3 
Oxid®, in Eeformatsky reaction, 36, 37 
rearrangement of, 37 


Paraconic acids, Fittig’s sjTithesis, 222 
Paraformaldehyde, 66 
Pentaethylbenzene, 376 
Pentamethylbenzene, 376 
■ -sulfonic acid, 371, 372, 376 
Pentaineth3’lchlorobenzenesulfomc acid, 
, • 378 , 

Perkin reaction, 210-265 ' ’ ■ 

'comparison nith other methods, 233- 
236 

experimental Conditions, 236-240 ' 
experimental procedures, 248-254 
Oglialoro’s modification, 221, 223 
scope, 217-233 
tables, 255-263 
use in synthe^, 240-248 
Phenanthrene, 246 

Phenolic ketones, synthesis by Fries 
reaction, 342-369 

Phenols, chloroinethylation of, 65, 83- 
85 

in Mannich reaction, 311, 314 
2-Phenj-laminopyridine, 95 
7-Phenj-IbutjTic acid, 166 
<i-Phenj-]cinnainic acid, 262 
Phenyl ^piperidinoethyl ketone hj-dro- 
chloride, 329 
Phenylp5TU\’ie acid, 229 
Phthalic anhj'dride in Perkin reaction, 
222 

Phthalylaeetic acid, 223 
Picolines in Mannich reaction, 312, 314 
P-Piperonj-lacrylic acid, 249 
Polyalkylbenzencg, 374 
Prehnitene, 374, 381-382 
-sulfonic acid, 371, 374 
Propiolic acids, ^45 
Propionic acids, ^-substituted, 244 
orjP-disubstituted, 245 
/5,6-disubstituted, 245 
o- and p-Propiophenol, 355-366 
Pschorr synthesis, 246, 247 
Pseudocumenesulfonic acid, 371, 372, 374 
Pyrazolines, preparation by Mannich re- 
action, 319, 325 

Pj-ridine, amination of, 94-95, 99 
Pyridineacrylic acids, 220 
Pyrolysis of o-methyl diarjl ketones, ISO 
Pyrroles, reduction by zinc amalgam, 161 
Pyruvic add in Perkin reaction, 222 



